DOCUMENT BBSOHE 



ED-210 511 
TITLE 

INSTITUTION • 

SPONS AGENCI 

BOBEAO NO 
POB DATE . 
TONTBACT - 
NOTE. .gt' 

AVAILABLE, FBCH 



E DBS PBICE 
DESCBIPTOBS 



CI.C30 783 

Electronic Devices and Systems. Enercy Technology 
Series. , 

Technical Education Besearch Centre-Southwest , Waco", t 
Tex. 

Of ficeNqf^ vocational and Adult Education '(EE) , 
washingto^^ D.c"^ * 
U9BAHB0-027 
Aug 60 „ 

300-78-0551 % 

267p^; For related documents see OE 030 771-789 and 
ED 190*746-761, ' 

Center for Occupational Besearch 'and^evelo joent, 60T 
Irake Air Dra , Waco, TX 76710 (S2.50 per module; 
$17-50 for entire ccutse). 

HF01 Plus Postage. PC Not Available fjccn IDBS- 
Adiilt Education;* Behavioral Objectives; Course 
-Descriptions; Courses; *Electric Circuits;' 
♦Electronifc Equipment; *Electronic$ ; ^Energy; Energy 
. Conservation; Glossaries; Laboratory Experiments; 
Learning Activities; learning Modules; Eost secondary 
Education; *Power Technology; *Technical Education; - 
Two Year Colleges ■ • , 

IDENTIFIES Integrated Circuits: Solid state (Electronics) ; 
4 ^.Troubleshooting * 

,ABSTBACT \ % % . 

This course in electronic devices and systeiss is one 
tit 36 courses in' the Energy Technology Series developed for an Energy 
Ccnservation^afld-Use* Technology curriculum • Intended, fcr use in 
two-year postsecondary- technical institutions to prepare technicians 
for employment, the courses are also useful in industry fcr updating 
employees in company-sponsored training programs'. Comprised of sejren 
modules , the course, is designed to* provide the student with a working 
knowledge of modern electronic devices* and the circuits in which they 
are employed. Electronic troubleshooting techniques are stressed. 
Topics covered include rectifiers , transistor s, SCBs a o nd triacs, 
vacuum and gaseous tubes, filters , amplifier circuits , operational 
amplifiers, noi^« reduction* digital circuits , and display devices, 
written by a technical expert and approved by. industry 
representatives , each module contains the . following elements: 
'introduction, prerequisites, objectives, subject matter, exercises, 
laboratory materials, laboratory procedures (experiment section for 
hands-on pottion) , data tables (included in most basic courses to 
help students learn to collect or organize data) , references,, and 
glossary. Hodule titles are concepts and Applications of Input and 
Output, Vacuum Tubes, Solid State Devices, Integrated Circuits, 
Indicators .and Displays,. Digital Techniques, and Analog and Digital- 
Systems. (TLB) 

*********** ****************************************************** ***^ 

* . Reproductions supplied by EDBS are the best that* can be made * 

* from the original document. % * * 
******************************** 



> 



r 

: 

i 



ELECTRONIC DEVICES 



AND SYSTEMS 



TECHNICAL EDUCATION RESEARCH CENTER - SW 



4800 LAKEWOOD DRIVE -'SUITE 5 



WACO, TEXAS 76710 



US DEPARTMENT OF EOUCATION 

NATIONAL INSTITUTE OF EDUCATION 

fO'jf A"ONA. RESOURCES INFORMATION 
/ CFNTR'ERlO 

V f r^ry,. ^ ift > v ,„ r*M'i«* V, rrpfr,,,P 
.'I. V 

• Pqiots ;f ^ k options swpd in This rJo' u 
mpn* do not ' "-Mss^nly rpp/evnf '/fx ial NlE 



AUG 1980 



"PERMIS?^ TO REPRODUCE THIS 
MATERIAL IN MICROFICHE ONLY 
HAS BEEN GRANTED BY 



U M- fall 



TO THE EDUCATIONAL RESOURCES 
INFORMATION CENTER (ERIC) ' 



r 



j 



r: PREFACE- 
ABOUT ENERGY TECHNOLOGY MODULES 

The module* were developed by TERC-SW for use in two-year postsecondary technical 
• * 

institutions* to prepare technicians for .employment and are useful in industry for up- 
dating employees in company- sponsored training programs. The principles, techniques 
and skiUs taught in the modules, based on tasks that energy technicians perform, were 
obtained from a nationwide advisory committee of employers of energy technicians. Each 
mo.dule was written by a technical expert and approved by representatives from industry. 

A mo'dule contains the following elements: 

Introduction , which identifies the topic and often includes , a rationale for 
studying the 'material . 

Prerequisites , which identify the material a student should be familiar 
* with before studying the»module. 

Objectives , which clearly identify what the .student is expected to know for sat- 
isfactory mpdule completion. The objectives^, >stated*in terms of act ion-oriented 
behaviors, include such acXLon words as operate, measure, calculate, identify 
.and define, rather than words with many interpretations, such ^as know* under- 
stand, learn and appreciate. ^ ,* 

Subject Matter , which presents the 'background theory and techniques supportive 
to the objectives of the module. *Subject«matter is written with the technical 

student ~in mind . 
> 

.. Exercises , which provide practical problems to which the student can apply this 
new knowledge. t ♦ ' 

Laboratory Materials , which identify the equipment required to complete the\ 
laboratory procedure. , 

laboratory Procedures , which is the experiment section, or "hands-on" portion, of 
the module (including step-by-step instruction) designed to reinforce student 
learning. * 

DataTables , which are included in most modules for the first year (or basic) 
cou.rses to help the student^ learn how to collect and organize data. 

References , which are included as suggestions^ for supplementary reading/ 
♦ viewing for the student. ; / 
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Test , whi^h me^asur.es the student's achievement of thfe prestated objectives, 
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INTRODUCTION 



Since understanding basic building blocks of electronic 
equipment is imperative to functioning effectively in elec- * 
trdnics .and associated fields, this module covers general 
applications of stages and systems . The discussion includes 
jrlow'of signals through stages and systems, and- voltages ; 
necessary* for operation, # 



PREREQUISITES 



r 1 

The student should haye completed one year of algebra 
and should .also be familiar with the concepts of direct 
current ^nd alternating current electronics. 



OBJECTIVES 



Upon completion of this mobile, the student sho f uld be 
able tor. . < 



X. 
2. 
3. 

4. 
5. 
6. 
7. 
8.' 
9. 



Dtffine a stage. 
Define a- system. 

Explain what' a signal is, and how a signal can be 
changed. 



7— Define' input to a stage. 
Define output frdm a stage 



State -the purpose of an % amplif ier. " 

States the purpo^l^of wave,- generation sfages* 

Name the types of waveshaping v stages and what they do. 

List the three .stages of a power supply and what jobs 

these stages perform. * ' ^ 
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10". Identify indicator devices-and state their character 
istics'. , • ■* { 

11. Stat.e the purpose, of silicon-controlled rectifier^ 
. (SCRs) ; and Triacs. 

12. Name the two main categories of digital circuits and 
describe their purpose. 
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SUBJECT MATTER 



CONCEPTS AND APPLICATION OF INPUT AND OUTPUT 

Electronic devices such as transistors, integrated 
packages , capacitors , inductors , transformers , and resistors 
are interconnected to create electronic stages and systems. 
V.arious arrangements are en\ployed in electronics/, A stage 
is' defined as M a section in electronic equipment that per- 4 
form% an individual, specific tasjc." A system 'incorporates 
severSl stages and performs many tasks. 

In virtually all stages and systems, "input" and "out- 
put" are electrical locations that accept and pass on that 
which i$» applied to the stage or system. That which is 
applied tola stage oV system is called a signal, and is< 
usually a voLtag-e representation. All stages or systems 
modify' the applied' ^signal . The pages that follow discuss 
stage and system applications, as well as modifications they 
perform on' signals. * . 



APPLICATIONS OE'STA'GES AND -SYSTEMS 

The ma*fty st'ages an'd systems in use have much in common. 
Tn any ,stage or system, the following variables^ applied to 
the input can be altered: 

• Voltage. * \ 

• Current . • - \ 

• Power. 

• Frequency • ■ • 

9 
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Voltage is electrical pressure, that causes, electrons 
(current) *to move through a circuit.* 

Current is the movement of electrons through a circtiit/ 

• Power is the amount of electrical work being dQne in a *" 
'given tinie period. * V. • * * 

Frequency is ^the rate at which a given alternating 
current changes. The speed at which current reverses direc- 
tion *is associated with curreht frequency*. . . 

In many cases^ only one variable will be changed. In„ 
other cases;, two or morfc variables can be altered/ Tjie fol- 
lowing are some, changes that; can be performed! 
' • Amplitude . ; ^" - 

• Shape. ' . • ' 

• Inversion. . t • 

Amplitude 'refers to the amount of a -given value. Five 
volts is indicated as an amplitude of 5 volts. A value such . 
as 0.16 amperes is als<o an amplitude - in this case, of^cur- 
rent . * 

• Shape is a pictorial representation of amplitude changes 
in a given time pe'riod. 

Inversion refers to a signal-.that is turned upside cfown, 
or inverted. Amplitude and frequency are not af f.erted 

Examples are depicted in Figure 1. Figures-i-a. gnd lb' 
show a voltage increase taking place. The' signal in Figure 
la is not inverted; in Figure lb it is. Figure lb also shows 
a>n increase in signal amplitude, as does -Figure la.. Figure 
lc sh6ws a shape change with no amplification or inversion, 
.Figure Id shows % a^shape change and* amplification. 
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INPUT 



Output 



v+20V 




1000 Hz 



*t2v^ 
volta&e^sine* *vave 



STAGE OR SYSTEM 





+ 10V 



f 



-10V 



SQUARE WAVE 



+ 6V 



-6V 



SINE WAA/E* 



* a. Amplification 
(output non-inverted) 



INPUT 



OUTPUT % 



STAGE OR SYSTEM 



-10V 




-20V 



+ 10V 



b Voltage Amplification 
(output inverted) 



SINE WAVE 



INPUT 



OUTPUT 



+ 10V.- 



STAGE OR SYSTEM^ 




c. Waveshaping 
_£no amplification) 



•10V 



SAWTOOTH;WAVE 

0 



INPUT 



aUTPUT / 



4 STAGE OR" SYSTEM > 



+ 10V 




d. Waveshaping 
(inversion and amplification) 



Figure 1. ) Exaiffpl 



rtage" Application, 
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Regardless of^ the number of changes, aimost all ^tages 
or systems can be classified, by the specific change or 
changes they perform. The following, categoxies summarize. * 
most electronic applications: 

• Amplifier (amplification) .* 

• Oscillators and wave 'generators . 7 

• Wave shaping . . 

• Rectifiers and filtering. 
Regulators . 

• Indicators and displays. * ^ 
^ • Thyristors (electronically-controlled switches). 

• Digital . . 

Decision-making stages or systems are advancing rapidly 
in most -applications, and* the most common -is the amplifier. 
In this module, each pf these items is discussed as a gen- 
. e*al application. Practical examples are used lot emphasis. 
Unless otherwise stated,- examples shown refer to a stage. 
Later modules discuss each application in deta.il. 



AMP LIFERS , 

? 

.An amplifier is a stage that incrjeases the level or 
amount of one or more of the following values: 

• Voltage . 

• Current . * 
+ • Power . 

'Amplifiers ar?e 'essential in -most electronic equipment . 
Figux.e .2 shows some uses for- these stages. -The amplifier 
can amplify all or part of the signal applied to the input. 
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COMMUNICATION^ 
EQUIPMENT 




SOUND 
REPRODUCTION 
EQUIPMENT, 



INDUSTRIAL MONITORING 
AND 

' CONTROL EQUIPMENT 



"sib 



ME COMPUTER 
APPLICATIONS 



Fig,ure 2. General Amplif ier\Use .Categories. 



When a stage acts as an amplifier / it is called an analog 
stage. The term, "analog" indicates ' that the amplifier looks 
at all the input signal and can; if necessary, reproduce it 
completely. 

Most amplifiers are either voltage or powder* amplifiers 

These two classifications can be subdivided into two cate- 

* * < 

gories which- also have divisions, as seen in the following 
breakdown: * . 
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.. DIVISIONS 

Class of operation identifies how much- of the 
input signal will be amplified and'pasSed on , 
to the output of -a stage. The classes are m 
4 as follows: ' 
4. Class A. Tio 
b. Class B . 
<c v . Clarss AB . 
d. Class C. 



SUBDIVISIOiNS 



Frequency of operation identifies the operation 
rate of the ampli f ier . Di f f erent input signals 
to ampl ifiersare at different rates of opera- 
tion. An" amplifier must be designed to accom- 
modate a specific frequency rate. 

a . D . C \ amp 1 i f i e rs . - • * 

b. A'.C. amplifiers. 

(1) Audio frequencies (AF) / 

(2) Video frequencies (VF) . 

(5) Intermediate ^frequencies (SF) . 
(4) Radio frequencies (&F) . * 



r 



; The 'major *d^fference between the four classes of opera- 
*tiori (A, B, AB and C) is accuracy of reproduction. Class A 
reproduces most accurately, with possible error less than, 
1% to 2%.* In. Class C operation, however; over 50% of .the, 
^signal is destroyed wheiTit passes through' the stage - but 
gome of the lost signal is recaptured at t-he output by using 
a., reinsertion process. 4 
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The subdivision "f requeftey^ of operation" is more.ob- . 
• vious • The input signal frequency may be zero, as is the 
iijiput to a d.c. amplifier, or* it may be in the upper ranges 
of a.c. frequencies. As signals reach radio frequencies, 
a peculiar phenomenon occurs.- Instead of traveling in wires, 
signals radiate into the atmosphere and travel great dis- 
tances .,'/.- * 

This text -will not* attempt to break frequency of opera- 
tions classifications into'other possible subdivision. 

3 shows a few specific applications for ampli- 
fiers. * I 

./ 



/ 
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VARIABLE 
CONTROL 



BATTERY 



AAfl*UFtf£R > 



D C 
CONTROLLED 
OHVICE 



a. Amplifier (DC 



TURNTABLE 




AUCHO 
AMPLIFIER 






STUDIO CAMERA 



STUDIO MONITOR 



c. Video Amplifier 





ANSMITTEO SIGNAL 



MICROPHONE 



*d. Radio Amplifier 



•Figure 3. Specific Amplifier Uses 

\ 
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OSCILLATORS AND WAVE GENERATORS 



OSCILLATORS 



\ < L ' 

Oscillators and wave generators are used in several 
electronic applications* Among these are organs, communi- 
cations equipment, industrial control equipment, computers, 
electronic watches, and navigation applications. i 

'These stages are required for the production of a ref- 
erence to which signals are compared, added, or subtracted. 
The terms "oscillator" or "wave generator" refer to a rep- 
lica or" repetition. The beat of the human heart is an anal- 
ogy, since each 4 heartbeat is dictated by the exertipn re- 
quirements for certain activities. Likewise^, an oscillator 
oj: timer can be changed by altering part of the stage. Each 
application indicates a particular required * rat e . 

Oscillators and wave generators serve similar ' roles . 
Both produce a repeated wave that supplies a signal t'o— o^-lter^ 
system parts, Oscillato'rs and wave generators are usually 
categorized by, the stage part (br parts) that determines the 
rate of operation. In % an oscillator, these parts are as fol- 
lows : 



• Resistor-eapacitor (RC) • 
* • Inductor -capacitor *{LC) . 

• Crystal. ■ fc 

0 RC oscillators are used in the audio frequency ranges • 
They consist of a resistor and capacitor combination (called 
&&r-$£^4MG~c~Q^ red— frequency . 

LC oscillators use coils and capacitors to determine 
the rate of operation. This is accomplished by using^the 
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resonant - frequency principle of placing a coil and capacitor 
in series (or parallel with each other) at the* input of the 
sta&e. 

Crystal oscillators generate a given rate of operation 
by the use of a stone crystal. VoUage is applied to the 
crystal, causing current to fl'ow in the crystal .< As a re- 
sult, this device will continue to vibrate at a precise rate 
as long as voltage is applied. As with RC and LC X sci H a ' 
tors, the crystal is placed in the input to .the stage- 

All oscillators employ a principle called feedback. . 
to generate ^repeating signal from _the st^ge, a part of 
the signal is fed back ^rom the output to the input, so that 
the output, .supports th§/inpSt^ signal : As a result, repeti- 
tion is guaranteed. An example of "this principle is shown 
in Figure 4. *. ' 




( 



INPUT OUTPUT 

Figure 4. Oscilla-tor Stage (Showing Feedback), 

It .should be' noted from Figure- 4 Tffat an -Oscillator . 
stage has* no input from a preceding^ stage . In this applica- ^ 
titfn, the rate -de termining* network is placed in the input to 
create the original , signal for repetition; a portion of the 
rate-determ^iulig^network's" signal is ~f ed back" f r our the output .7 
A continuous signal is then available from the output that is' 
us-ed $s a signal provider for another stage, j. 



, ft 
t 
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In summary, oscillators must meet "'four requirements/ 
as follows : ^ 

1. Must be self- starting 4 . 

2. Must provide .positive feedback. 

3. Must be capable of rate determination. 
4* Output must replace input losse-s. 

These requirements^will be discussed in a later module. 

The output of RC, L^, and crystal -oscillators is in the 
shape, of a sine wave, as sjiown in Figure 5, Although the 
amplitude may vary from oscillator to oscillator, ' the shape 
from a given oscillator is unchanging. 



Figure 5. 'Sinusoidal Waveshape (RC, LC, and 
Crystal .Generation Outputs). 



WAVE GENERATORS 

Wave generators are stages whose outputs are used as 
system- timing signals. Timing -signals resemble the heart- 
beat or a ticking clock. Without the timing signal there 
is no operation in a system that us^s a wave generator. 
Wave generators differ from oscillators primarily in the 
shape~"o£ "Tfie - wave "they producer ~ Theimost common wave gener- 
ators are the following: & ' i 

• ■ • • . • i 
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1. Rectangular or square wave generators, 

2. -Ramp generators, ' - 

a. Sawtooth, 
^b . Trapezoid, 
c . Triangle . 

. There are several types of wave, generators, but rectan- 
gular wave generators are used most often. Other waveshapes 
axe developed easily from the rectangular shape. / The rec- 
tangular wave can be developed by this generator in one- of 
^^e following three ways, depending upon the requi^ted Tappli 
"cation: ' 



Astable (free rurtning) , 
Monostable (one stable state) 
Bistable (two stable states) , 



As table 



Astable, or f ree-'running generators, output a continu- 
ous rectangular series of pulses, as described in Figure 6, 
A pulse is a repeated amplitude change in a v given time 
period thast is determined by the frequency of the oscillator 
Astable generators do not 'remain in a stable stat.e,. as do 



monostable or bistabie types. 



\ 



Figure 6. Astable Waveform. 
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With the use 'of capacitors, coils, and resistors", saw- 
tooth and triangular waves can be developed from the output' 
of the wave generator. 



Mono stable 



The moilostable generator has only one stable -state . 
It- requires an external trigger signal -t-o change momentarily 
from its stable state to a temporary stafe and back again. 
The shapes of its output and trigger s.ignals are shown in 
Figure 7. 



GENERATOR OUTPUT 



TRIGGER SIGNAL. 




SET 



Figure 7. , Monost'able Waveshape* 
(With Triggering Pulse). 



Bistable 



SET 



A bistable -generator has two stable states. f Two exter- 
nal trigger ;pulses flip the generator back and forth from 
one -state to' another as .trigger signals occur. As in^the 4 
monostablg generator, the : sta'ge x s state only changes when 
a trigger signal provides impetus. Note -the difference 
between the mojiostable generator waveshape in* Figure 7 and 
•the bistable* generator waveshatpe in Figure 8. 
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GENERATOR OUTPUT 



TRIGGER SIGNAL 



SET 



RESET; 



Figure 8. Mstab-l-e Waveshape , - 
t * (With Triggering Pulse) . 

%: * * • : 

One wave generator is^the Advanced *SS% Timer/ a small, \ 
inexpensive case containing the stage ^in a sealed housing. 1 

The timer* acts as a mpnostable or a-n astabie genefator % 
whichever »is required. .Moreover, the output rat'.e can be 
easily adjusted from^less than one second to seve-ra± .hours . 
Bistable timers are discti'ssed at length in a. later mcjdule. 



RAMP GENERATORS' 



Ramp generators are used in oscilloscopes, ^adar, \ele- 
vision, an.d* computer television monitors. This waveform * 
causes the picture image to be s traced across the face of the 
screen. Of particular .importance is t-be linear "shapei.in 
which the wave occurs. A brief example' of * shape * and use is 
illustrated in Figure 9. - " ' , i * "V 

Oscillators (RC, LC, and crystal) have an output signal 
; called Ssinusoidal. A sinusoidal ttave ha,s the 'same shape as 
a -wave produced' from the alternating current generator in' 
the p^ower station, , Wave generators; on the other hand, pro- 
due? a nonsinusoidal wave (a shape Q.ther than'sinusoidal). . 
This shape takes many forms. - * 
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LINEAR 




Shape - f Triangular* 

Application - Digital Voltmeters and Analog to Digital Convertors 



LINEAR 




Shape - Sawtooth 
— Application^- Radar .and Truevision 



LINEAR 




Shape Sawtooth 
, Application - Oscilloscopes 



Figure 9. Nons inusoidal Wavesh^jfes . 



WAVESHAPING- 



Many applications in. electronics ^require a« waveshape 
other than those discussed so far. Furthermore, when a - 
rectangular, sawtooth, or triangular wave is required, so 
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minor changes can occur because of design methods, and 
necessary restoration of the original wave is required. 
Waveshaping stages or circuits are used to perform these 
tasks . 

The following categories' of waveshaping circuits will 

be discussed briefly (using block diagrams and signal flow)^ 

♦ 

1. Integrator RC shaping (resistor-capacitor). 

2. Differentiator RC shaping (resistor-capacitor). 

a. Clippers . 

b. Slicers. ^ 

Notice that the input's shape is changed as a result of the 
stage used. The output will usually have the sanue frequency, 
howeve.r. 



INTEGRATOR . , 

An integrator stage converts a rectangular wave- to a 
modified sawtooth wave. Figure 10 illustrates -the conyer- 
sion. State components are the use df a resistor and capac- 
itor. 



rbn_n 



RECTANGULAR 
WAVE 



INPUT 



OUTPUT 





INTEGRATOR 


= — >► 


STAGE 



OR 



Figure 10 



Integrator Stage Con vers ion . 
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The rate of repetition doeS not ^change as a result; 
however, shape is altered. Notice that one of two output 
shapes is possible, depending upon application, Th'rs stage 
is used p^marily for waveshape correction. It eliminates 
distortion created by poor design or component J aging . 



DIFFERENTIATOR ^ . 

A differentiator stage is designed to alter a sine wave 
without destroying its shape. However, the differentiator 
stage usually V d^as alter the amount of signSir^^s well £S 
signal starting time. This condition is illustrated in Fig- 
ure 11. 




differentiator 




START 



10V 



Figure il. Differentiator Stage. 

Although the basic shape is still sinusoidal, start time 
arid height haVe been changed. Differentiators can also be 
.used to alter other waves. Figure 12 shows the square wav«e 
being -changed. Note the output wave is now a spik'e. /This " 
shape can be used to tiyigger the wavef generators previously > 
discussed.. Another name for trigger pulse is steering guise. 
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RECTANGULAR 
WAVE 




SPIKES 



Figure 12-, Other Differentiator Applications 



J 



CLIPPERS 



A clipper stage is designed to. cut off an unwanted *- 
portion of a wave. Noise pulses - often produced' b£ inter- 
ference from motor brushes, power line insulators, internal 
,electw>nic equipment noises, automobiles and trucks - mi^ 
be eliminated if a stage^or system^is to operate properly."^ 

Clippers are of two 'types: , a series clipper and the 
parallel or shunt* clipper. Clipper names describe the way 
they -are constructed electrically. Clipper -output wave- 
shapes are illustrated in Figure \l L Figure' 13 illustrates 
two possible outputs. 'While the circuit has to be altered ^ 
Q^nxoduce one output or the other, the input signal is the 
same ^for ?both . 
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+ 5V 
OV- 




SERIES 
CLIPPER 



a. 



♦ 5V 

4 

— >» 



OR 



OV 

OV 
-5V 




SI^CERS 



SHUNT - 
CLIPPER 



b. 



Figure 13. Clipper Stages 



OR 



♦5V 



--5V 



A slicer stage (figure 14) serves a similar purpose. 
The 'center portion of the a input wave is retained; whereas, 
Ake~ top and' bottom parts of the input wave are cut off. 
This stage 'is placed in a system prior- to a stage requiring 
constant amplitude**or level. In the slicer(s) , the input 
wave rate is unchanged. 




slic£r 



SLICED OFF 




Figure. 14. Slicer 'Stage, 
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Several input signal-s can be applied to the slicer 
(one at a time). In each ca'se', the output will* have the 
top and bottom removed* , 

» 

Rectification and filtering 

All electronic equipment requires direct current volt- 
ages to provide proper conditions for .operation* Like the . ^ 
automobile engine moves the car forward or backwards^enly 
.when the driver performs the proper operations' so it is 
with electronic equipment. , The power supply inNvhich rec- 
tification takes place provides idle voltages forN:he system. 
When the signal Ts applied to the input, the direct\current 
voltage 'becomes the means by which the signal trave/s through 
and reaches the. output* 

It is imperative that stage-operating voltages be direct 
current voltages* When applied to a stage, voltages become 
a reference for the signal. If voltages are alternating 
current voltage's,, j. the reference is variable and of little 
value. AlternatjUrg current vo4-&ages must be changed to 
direct current voltages. 

Most electronic .equipment receives initial voltages 
from alternating current — usually 120 volts a.c. This, 
of course, is obtai-ned from a wall outlet* Because it is^ 
a.c, the current. must be converted to d.c. to be used as 
reference voltage in electronic Stages and systems . The 
rectifier is the s.tage th&t provides initial conversions 
Further changing of the voltage wave is required to assure 1 
direct current. 
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The filter stage provides the final change. A filter 
stage consists' of resi stors , . capaci tors , and' some/tim&s , a 
coil to complete the job, 'Because the graphic representa- 
tion of a d.-c. voltage is. a straight line, the results of 
rectifier aircKfilter action are shown as an approximate 
straight line. Figure 15 illustrates the input and output 
of these two stages. 




RECTIFIER 



.A 



DC VOLTAGE 



FILTER 




BOTTOM HAl_r 
REMOVED 



Figure^ 15. Power Supply Stages 



Although this block stage .sequence shows 'only one type ^ 
of rectification and filtering, it serves to describe the 
action taking place. 

Rectifiers are generally classified as' half wave, full 
wave, or bridges. This module will not discuss rectifiers - 
in detail. However-, generally speaking, half wav x e rectifiers 
are the least efficient, and bridged rectifiers^ are the most 
efficient. 

Filters (.the second stage in Figure lSJ^are also cate- 
gorized by their efficiency. The two general types are RC 
filters and LC filters". 

The student should note at this point that, although 
-oscillators also possess RC and LC 'stages, application is 
not the same.. This condition will becom^ more understand- 
able in later modules. 
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'RC and LC filters are used to reduce the a.c. changes 
from the rectifier to a straight- line voltage. While all- 
variations usual4y_ are- not removed, filter stages do remove 
.enough variations to accomplish a smooth output voltage 
similar to pure direct current.' 



REGULATORS 



J 



ERLC 



VoJrtra^e^ provided from power supplies must remain con- 
stant in^^oTtage^ output. In power supplies, the 'stage that v 
assures constant output is the regulator. A regulator com- 
pensates for voltage fluctuations maintaining a constant 
d.c. voltage at its output. In recent years, pojver supply 
regulators have [been improved. ' Recent developmei?t^ have 
yielded* the soli'd state regulator. Thi^ device is enclosed 
in a plastic case~ with only connections brought to the out- 
side. ; 

Other regulators incorporate the Zener diode, a device 
that possesses unuSual characteristics. As £ voltage is 
appli-ed to thi-s device, the Zener diode allocs only a certain 
voltage to exist 5 ." As the j.nput to this stage changes — due 
to other stage interafct-ion and power line variations — the 
Zener regulator locks in a preset voltage at 
These devices can • regulate voltages &:o 
over 200 volts . 

N Figure 16 illustrates regulator action £nd shows connec- 
tions to the rectifier and filter circuit, 



b 



its output 



:om 2 vQlts to slightly 
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RECTIFIER 


" ► 


FILTER 


■ — >- 


REGULATOR 
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Y 



Figure 16. Power Supply With Regulator. 

Although power supply protection circuits have not been 
discussed, all 'power supplies should have protection. When 
the system to which power supplies are connected demands 
more power 'than 'the design can handle, smoke - and possibly 
fire -may occur/ Thus, devices such as fuses, circuit 
breakers, and over-current limiter stages are employed tp 
assure safe power demand limits.- These will be discussed 
in more detail later. t 

Not all. systems use regulator circuits; however, these 
circuits are becoming more common in general system design 
as developments lower t-he price. 



INDICATORS AND DISPLAYS 



In many electronic systems, { it becomes necessary to 
' provide a read-out of some condition that exists' either 
within the system, or as a result of the function of the 
system. A variety of devices and associated components 
have been used as display stages. The following list is 
a cross-section sample of several In use. 
Incandescent lamp. ( , 
• Neon lamp. 
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• Lighter emitting devices (LEDs) 

• Liqui<^ crystal devices (LCDs) 

Incandescent Lamps 



•Small'light bulbs are used to indicate such messages as 
ON-OFF, standby, warning, system norjal, systenj malfunction 
or error, an6y^ Wriety Of o^her conditions. This device 
emits light whepk a current flows through the ^amp. Its 

O or. 

longevity is limited, however, primarily due to the filament, 
Although some lamps may 'last as long as 5000 hours, most do 
not. A lamp ha^ many uses, butj4:"can convefy only small 
amounts of ii\f or mation. The J?6llowing three states are pos- 
sible; 
' • ON. 

v - OFF. 

• Blinking. 



Neon" Lamps 

< 

i Although neon lamps serve applications similar, to those 4 

of incandescent ■ lamps , 'they usually will last longer. How- 
♦ ever, a, neon lamp has a poor light level output compared to 
an incandescent lamp. Typically, these lamps are used as 
indicator lamps on electronic ^quipment. Often, neon lamps 
require a resistor placed in the circuit with them to reduce 
voltage. Most neon lamps - if used as 110 volt indicators - 
must have this resistor Jyi the stage. 
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When these lamps begin to fail, the device starts 
blinking ON and OFF, even when 'a continuous voltage is . 
applied* Although this will .not cause damage, replacement 
is advisable if the lamp is 'an indicator. 



Li^ht -Emitting 'Devices 

Jw-o devices emerging as promising light emitting units 
are LpDs (light-emitting diodes) and LCDs (liquid crystal 
displ ays) . . : , 

LEDs are diodes that gi^ve off visible light when current 
is flowing. Jhey can be manufactured to provide light from 
one source point or from several points, as required. Fig- 
ure 17 shows the difference between these two types of LEDs. 



CONNECTING 
LEADS 



O 



a. Single LED 



b. Sever af LEDs 



.Figure 17. Light-Emitting Diodes (LEDs). 
♦ 

Figure 17a shows a single LED which could be used as an 
indicator device. . The.se LEDs are available commercially in 
green, yellow, orange, and red. 
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Figure 17b shows seven LEDs combined in one, small case 
to create the 0-9 segment display. All rSeven segments will 
be operated for the digit B , as shown. If the digit zero 
is required, only six segments will be operated. LED de- 
vices and displays require a small voltage Jo operate'. 



Light level greater than neons, but less than incandescent s , 
is possible. The LED usually will outlast both incandescent, 
or neon lamps • The power input requirement ranj^s— £*4tii near^ 
zero watts to about 150 milliwatts, with a y life expectancy 
of, or greater than, 100,000 hours. 

LCI) displays serve the same purpose as LED displays. 
They, too, are a 0-9 segment display. One of the major - 
differences between the LCD and LED displays is the power 
required* for operation. LCDs typically require microwatts 
to operate, as compared to milliwatts for LEDs. Figure / 18 
shows a typical LCD display*. These devices come in two 
styles :' reflective and transmissive (Figure 18) . Details 
of these styles are discussed in a* later module. 

Proper voltages are inputed to the display stage. when 
a particular number is to be displayed. Proper portions 
of the segment operate to display the number desired. These 

4 

devices are used in conjunction with many electronic systems. 
Particula-r use>has appeared in the calculator field, where 
low drain on batteries is essential. 
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b. Reflective Style 



\\\ 



mm 



c. Transmissive Style 



a LCD 8 -segment Digit Display 

Figure-18. Liquid .Crystal Display, 
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.THYRISTORS 

Thyristors (electrically-controlled switches) are a ; 
family of stages incorporating a device that can be elec- 
tronically* controlled to act as a switch and/or -a variable 
power resistor. , Some thyristors, haVe only the ability to 
turn d.c. or a.c. current that flows in a system or stage . 
ON or OFF. Other thyristors can adjust the amount of power 
applied to items they control'. frequent use^of thyristors 
is taking place in the ever- changing industrial automation 
environment. Eor. example, large motors can be controlled' 
by thyristors. The most widely-used thyristors are those?© 
list ed *below : - * 

• Silicon-controlled rectifier (SCRs) . 

• Bidirectional triode thyristor. 
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SCRs- are one-way switches ;^ bidirectional triode thyris- 
tors are two-way switches. One-way*-^ffjfi two-way refer to the 
ability ( to pass current through the SCR or triode thyristo;r. 

*" In the following paragraphs, ea^hu device or stage is 
-d-is-c ussed in - r e gard t-o- 4 n p u-t -out-fort- and ap plications mas 1r . 



often encountered * • , • * 

~ . .... . ♦ * 

* . - * * 

Silicon-Controlled Rectifier . 

J ' 

ov "..The silicon-controlled rectifier (SCR) is the most 
commonly used thyristor". This stage is used primarily* as 
a d.c. electronic switch;, in other words, it operates prop- 
erly when current passes through i*t intone direction. 

Figure 19 illustrates a simple usfc of the SCR. Current 
is allowed to flow when the control lead receives a voltage. 
After the SCR triggers €N, it will Continue to operate until 
the main power switch is opened. 



CURRENT 
FLOW 



IN 



SCR* 
SWITCH 



.CURRENT 
f FLOW 



OUT 



— CONTROL ■ 

LEAD 
(DC VOLTAGE) 



- DEVICE 
BEING 
CONTROLLED 



ho— o- 



. t , \ 



(POSSIBLY' A DC MOTOR) 



DC SOURCE: 



MAIN POWER 
OFF SWITCH 



Figure 19.' Simple Use'of a Silicon-Controlled Rectifier* 
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SCRs also can be used to control a.c. current ^flow - 
as a switch, jO£ as a device to vary the amount of powerj^ 
being fed to a controlled system. 

Figure 20 is* a block diagram of an application. The 
.SCR .closes when the a.c. control voltage appears on the 



control lead. Once current is flcwing through the SCR, it 
cannot be stopped unless the main switch is openedor cur- 
rent flow is otherwise reduced. 



SCR 



REDIFIER 
(CHANGES AC 
TO DC) 



CONTROL ' LEAD 
( DO VOLTAGE ) 



AC CONTROL 
VOLTAGE 



DEVICE 
&EING ' 
CONTROLLED 



i 

C POSSIBLY AN AC MOTOR ) 




AC SOURCE 
120V 




MAIN 
SWITCH 



/ 



Figure 20. Block Diagram of an S.C# Application. 



37 



ED-01/Page 31 



Bidirectional Triode Thyristor* 



Although the ISCR is useful, it has ^imitations when, * * 
used in a.c. applications. The bidirectional triode thyris- 
— tor, often called a Triac f * overcomes £ome of these .limita- 

-To solve' the problem of one -way SCRs , the Triac incor- 
porates two SCRs in one case. This allows current to flow 
two. directions through the stage. Because a.c. current is 
always reversing, the complete cycle can' be used to provide 
# all power instead of just half of i't - as. was -the case with 

thev SCR device. This is- an important consideration in energy 
Nnana.gement . • / , 

For example, the Triac can control power to an a.c. 
motor or a light -illumination system. As long as the trigger 
^ead is .fed a voltage, the stage will turn on and allow- cur- 
rent to ; flow through it. Like the SCR, a turn-off method is. 
required for the Triac. Detailed explanations for turning 
J^—y off the Triac are covered in a later Module. 



DIGITAL TECHNIQUES 



Jhe world o\£ electronixs has lived most of-4,t? life. ' ' 
within the . conc'epts Qf analog. Analog refers to an or 
d.c. signal that varies" continuously jDr smoothly; a digital 
signal is either ON or OFF,, Therefore, a digital signal is 
a two-level condition,. An example ^of a digital device is 
the common wall' switch found in the home. When the switch 
is Up, it applies 1,2 (T V a t c. to lights. A D<?wn position 
_ provides Q V a.c.^,0f course; not all switches sontrql 120 V 
a.c. and 0 V a.c. In the digital world, .two voltages often 
appear: 12 t volts and 5 volt$~. . 
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' So that* the student can appreciate the difference be- 
tween analog and digital, Figure * 21* illustrates examples of 
both. Whereas analog signals are always present digital 
signals are a series ^f ON-OFF voltages. 



Digital signals are pulses of voltages tha^t flip back 
and forth 'between two preset values. Figure 21b" shows 'three* 
examples'. The top example shows ON to be +5 V d.c. and OFF 
to' be zero; the, middle example "shows +12 -V d.c. ^ as ON and 
zero as OFF; and, the bottom example shows -12 V c.'^c. as OFF ■ 
and +12 V as ON. * / 1 . 

- ''These are only three examples. Many conditions can . 
exist. "Generally, it is* important to remember that two 
■states are necessary to make a signal digital. 

Digital*- devices, have a major advantage .over analog 
devices. Because 'of the simplicity of ON-OFF states, digi- 
tal devices are much cheaper to construct.* -The new era of 
(microprocessors is a classic example of this reality. 
\ Input and output concepts and applications £or digital 

circuits differ from analog, circuits . ^Slost digitals-stages 
modify at the output those signals appearing at the input - 
just as analog stages do. However, a great many^igital 
stages and systems combinfe sev^al input signals to make one 
output signal. t ' . • 

fhere ar6 two 1?asic types of digital stages: decl'sion- 
-making and Memory. 
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Random AC Voltage 
a. Types of Analog signals-" 
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b. Types of Digital signals 
^Figure 21. Analog and Digital Signals. 
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Decision-Making Stages-- 

Decision-making stages provide an output that depends 
upon a set of input conditions. However, once the output 
changes, this type stage cannot remember what its output 
was before the change.? M|Sfc; statedj the decision-making, 
digital stage has no mei^^^R good example of this stage 
type is the window and door check system shown in Figure 22 



WINDOWS 

1. 2. a 



3 

INPUTS 



- 1 
OUTPUTS 



WINDOWS 
4.5., 6. 



DECISION 
STAGE 



ALARM 



DOORS 
1. 2.3, 



Figure 22. Decision-Making System (Window and Door Check). 

In this figure, if all windows and doors are closed, 
the alarm remains OFF; if any are open, the alarm sounds. 
-.Although the alarm cannot determine which windows or doors 
" ar£ open*, additional decision stages can be adjied to deter- 
mine this information. " However, once the windows and doors 
are closed and the alarm is silenced, the alarm not only does 
not remember which opening caused the alarm, it does not even 
Jcnow that it previously sounded. ^ " ^ 
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The basic decision-making stage is called a gate. Most 
gates have two or more inputs x and almost always one output. 
Although only one 'gate can be used in simple stages, sejpral 
are usually combined to form a„larger decision-making cir- > 
cuit (called combinational gating or combinational logic 
stages). ^lOSt combinational stages gjo^jde a special logic % 
function," such as those listed below:^T\j 

• Coding. 

* » 

• Decoding. / 

• Multiplexing. 

• Comparison . 

• Math operation. 

This module \ioes not discuss these functions; some *kre 
explained in later modules. . 9 s 



Memory 

The second type of logic stage is the memory device. 
Each individual stage has two memory states, called flip^ ■ 
flop. 'This stage, unlike the decision-making stage, can 
remember two conations: the previous cbndition and *the* 
present one. Because a drgital signal is either ON or OFF, 
the£e two. states are represented as 0 and 1. The stage is 
placed in either state and remains there to retain the .stored 
'condition. In this^ manner^the memory device "remembers . " 

Memory stages, when combined with decision-making 
stages, form sequential logic stages. Figure 25 shows a % 
general layout of a sequential stage. 
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FEEDBACK 
INPUT, 




Figure* 23, 



FEEDBACK 
OUTPUT 



FEEDBACK 

* » 

Layout of Seq-uent-i-a-1— Stages . — 



Typical sequential stages are shift registers, shifters, 
timers, and sequencers. Each of these devices have multiple- 
memory stages working together to perform memory tasks. 



SUMMARY 1 

This molule explained concept-^and application of anal'og 
and digital stages,. In troubleshooting procedures, the tech- 
nician must have a good understanding of the signal input 
and output of these stages, since stage* treatment understand- 
ing is thfe key to determining system failure. Modules that 
follow include additional technical information about how 
the stage performs its function. Voltage and current, t as 
well'as device operation , *will be covered. " t v 
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EXERCISES 



x - ? 

1. Describe the outputs from the following stage, with 
the input and stage treatment as shown. 

. ciass. A voltage amplifier. 
Input: 1.0 V. a.c, (P-P) 

Stage treatment: voltage gain 12. . * 

2. For each of the 'following outputs, name the specific 
oscillator or wave- generator stage that produces it: 




SINEWAVE 



VAVE - 10^HZ 



b. 



C . 




SINEWAVE - 500KHZ 



SQUARE WAVE - 1MHZ 



SQUARE WAVE - VARYING RATE 




SAWTOOTH ' WAVE - 60 HZ 
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5, 

6 



State one reason why waveshaping stages are used. 
Name the three-stage combinatio^^ftt produces a d.c. 



voltage from a pow^r supply- 
State the most efficient rectifier stage discussed in 
this mjpdule. j * . j 

Discuss the abilities of the following displays in ' 
terms of application : * 

v \ 

a* • Incandescent lamps, 

b . ' 1 Neon lamps . A 

■c. LEDs. ' , . 

d.' -LCDs, v * 

State the disadvantage of SCRs. 

Refer to Figure 22. Determine which window or door 

is open by writing a mathematical statement and describ 

iag the stages from left, to ri'ght. * 
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TEST 



1. Using the block diagram below, draw the input and out- 
put wav-eshapes with P-P values that would appear at 
each input and output. 



VOLTAGE 
AMPLIFIER 



VOLTAGE 
AMPLIFIER 



VOLTAGE 
AMPLIFIER 



POWER 
AMPLIFIER 



tlO 

-10 



VOLTAGE 
GAIN. 
3X 



> Voltage 

GAIN 
5X 



VOLTAGE 
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(UNITY) 



VOLTAGE 
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2X 



























; 





2. Where would the following raihp generator outputs be 
used?, 
a. 



/VVI 



9 . . 
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3. In order, fill in the names for the following power 
supply. 



AC UNE V&LTAGE 



DC OUTPUT 





State the use of the following thyristors 
a. SCR. 



Triac, 



5. Name the two basic types of logic stages 
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INTRODUCTION 



Although yacuum tubes have been replaced by solid-state 
devices .'in most applications , they are still being used in 
high-power applications,. Moreover, technicians will fre- 
quently encounter vacuum tubes in equipment .that was pro- . 
duced in the 1960s and early 1970s. This module- discusses 
basic vacuum tube theory and stage application, as well as 
tube conf iguratiohs and class of operation. In the labora- 
tory, the "student will construct, operate, and test' a oner 
stage .amplifier. 

PREREQUISITES 

. ' * ~ 

The student should have completed one year of algebra 
■and sho.uld also be familiar with the concepts of direct 
current and alternating current electronics. x 



OBJECTIVES 

': '". Upon completion of this module, the student should be 

arable tp: ' * 

P*:*vftl' ~ Describe the operation of a vacuum tube amplifier/ 
' /V* 2. lkin the purpose of bias. . 

Zr^i^Bgpyi how a signal ^flows through a tube sta£e. 

* -^Ablain the three classes of tube operation and charac- 

>v*V& f3 f*&- Eristics of each. 

V \vjfi^.^ Describe signal appearance when a tube has distortion 
due to improper bias and/or to a large P-P signal. 
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Name three tube configurations and the advantages of 
each. 

Name three types of* couplings and th§ impact they have 
on the signal. 

State two amplifiers used in super-hrgb- frequency 
application fc , 




SUBJECT MATTER 



VACUUM TUBE AMPLIFIERS 1 



To understand how an amplifier functions, one must 
understand the device's purpose. A vacuum tube amplifier 
is a one-way variable resistor with gain. Its main purpose 
is to provide an increase in the level of the inpuf^Tgnal 
at it? output. While the vacuum tube amplifier can alter 
the shape of the signal, the term implies controlled in- 
crease. However, some stages, perhaps mistakenly called 
amplifiers, do not provide a s'tage increase - yet they pro- 
vide control and treat the signal. 




OPERATION ♦ " 

Jiox- simplicity's sake, the water system will be used 
to illustrate the concept of amplification. Figure 1 de- 
scribes all the features necessary in an amplifier. - ■ 

The control rod .controls water flow by movement IN or 
OUT. .The pump,-can move water regardless of the gosition of, 
the control vo : d. If the rod is all the way into the side 
of the pipe, the pump simply churns " the water inside the 
pump and moves no water through the pipe. , 

Notice that the 'rod is small compared to the pipe; this 
means that a small rod can control water f>QW in a large ^ 
pipe. Herein lies>the basic concept of an amplifier. Use 
of an amplifier in a tube enables, a .small change at input 
to effect a large change at output. 
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In Figure 1, water cart only flow through the pipe from, 
bpttom to top because of the two one-way valves on each side 
of the control rod. The following is a summary 'of the water, 
system's features: ^ « 

• Smaller input controls larger output. 

• Water flows through* output side in only one direction; 7 

• - water volume is controlled by the control rod position. 

A look at the actual tube will show how these 'features 
are achieved electrically. 

The tube is shown in Figure 2. Because the battery is : 
connected with the positive lead at top (plate) and the nega^ 
tive lead at bottom (cathode), current can flow only from'-''^ 
bottom to top, or from cathode to plate. To further assure^ 



that electrons (current flow) only pass from cathode to ^ 
plate, a .special design feature is implanted iti the tubep#£^ 
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PLATE 
(ACTS AS TOP ONE 
WAY VALVE ) 



\ gftNTROL 



LEAD 



CATHODE 
C ACTS" AS BOTTOM 
ONE WAY VALVE) 



t 



A 



HEATER 



_ BATTERY 
— ( PUMP4 



HEATER 
SUPPLY 
VOLTAGE 



Figift-e 2. Tube Control. 

The cathode is made from a material that has many electrons 
The heater 'is placed close to t he. c athod e-to. aid rem oval o f 
excess^electrons from the surface. 'Heating is a form of 
energy,.' *\Heat energy causes electrons to float above the 
cathode instead of resting on the cathode surface 

Because these electrons are free from the cathode sur- 
face and have a negative charge, any positive charge - if 
great enough - can attract them. In this application, the 
plate is the affecting positive charge . Assuming at this 
poj.nt that the control lead has n-o effect on the ^movement 
of electrons from cathode to plate, a preset number of elec 
trons will migrate rapidly-frop cathode to plate.^ 
- The control lead is usually called a control grid. 
Th-e~ term "grid" refers to a wire screen (mesh). Because it 
is a wire mesh, it has many holes. .Figure 3 displays the 
^eontjrtfl grid, as well as the cathode and heater. 
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^ .SUPPORTS 
a. Construction 



4 



ANODE 
(PLATE) 



CONTROL 
GRID 




CATHOOE 
TRIOOE ' 



HEATER 



b. Schematic Symbol 



Figure 5 . Tube Elements 



To make this lead control the electron flow from ciathode 
to plate, the signal to be amplified must be applied.* Assume 
this signal is like the one illustrated in Figure 4 below. 




' SINE WAVE 



Figure 4. 
Input Signal 



At this p^int, the student should reckll some elec- 
tronics basics: like charges refpel and unlike charges 
attt^k/' ' 
u Now, the corttrol lead, is inserted into the tube {as 

s,hown in "Figure 2) with the signal applied to~it. Once 'the 
control lead is {Aaced, it will, no longer move. Irtste.ad, t 
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the voltage on the control gripL determines flow of electrons 
from cathode to plate. 

To-*better understand the control - of this grid, refer 
to. Figure 5 below, * 




• Figure 5. Output Current Flow for Input 'Signal Changed 



In Figure 5a, note that the control grid (being -2 V) 
repels more electrons coming from the cathode than lit, does \JP 
when the input signal changes the grid 'potential to 0 volts. 
Using the law of repulsion on^ can see then that different 
amounts of grid voltage will cause current flow to. change 
in amount from cathode to plate. If the control leacPdoes^ 
not be'come more positive fchan the K cathbde r no^caih04ie -cur- — ^— 
rent will f low.'out .the control lead, b'ut^ill .instead go 
out • the plate. * 1 > 

The previous explanations show that, although the con- • 
trol lead will effect cttrrent flow through the tube, it will 
not actually use any current. In this respect, the control 
lead resembles the valve in the water flow system. 

When no signal is present', the control lead is preset. 
lit this state', a preset amount of current will continuously 
flow from jcathode to platte. v 
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There are several ways to establish this no-signal 
voltage; however, only one will be discussed/ First, -the 
following points must be understood: 

• Control grid voltage is commonly termed "bias'. 11 

• This bias must be d.c. voltage, 

• The control grid bids is always established and com- 
pared ta voltage on the xathoda^ • 



•CATHODE BIAS 



\ 



*The most common method of bias is cathode bi'as. . In 
this method, aVresistor is used to establish a difference 
in voltage, "Figure 6 illustrates this metho'd. When a cur- 
renf~passes through a resistance, a Voltage is dropped 
across it. With thisXin mind, consider placing a resistor. 



BLOCKS OC 
PASSES AC 



POINT B 



\ 



Cc 



NO SIGNAL 



POINT A 



/ 



AC 
SIGNAL 



• / CURRENT \ 



POINT C 



CURRENT 
FLOW. IN 
OUTPUT SlOE 
OF TUBE 



V 



Figure 6. Static Tube Preparation. 



BATTERY 



in the cathode lead* (in series) so that when a current is 
flowing through it, a voltage of S^volts is dropped across 
it. With current flowing up through resistor Rj. , the top 
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side is , further from ground, or more positive. This makes 
the catfrode attached to it more positive. At the same time, 
consider R g in Figure 6, The electrical rules concerning 
resistors-in parallel apply, and point A to ground is in 
parallel electrically with s point B (through tube) to ground. 
As £ ' is discussed, note that.no -signal is, present, (The. 
missing signal is the dotted line in Figure 6,) 

Consider the following facts: — ^ - 

1, A signal (dotred liae)'is actually an a>c voltage 
source capable of moving electrons, 

2, When a signal is present, it can move electrons from v 
ground up through- R , through capacitor C c , through 
the sine wave generator., and back to starting ground - 
forming a complete- circuit, 

3, * With no signal present, no -electrons flow through. R , 

4, No electrons flow from battery through R£, through 
' ' point Ef to point A, through R or through the a,c, 

; signal source** As a result, there is no d,c/ or a,c. 
Voltage dropped across R , Point A then has the same 
potential as ground, .Ground = c 0 volts; point A = 0 
volts , * ( • ' ' - 

5, P njnt B , therefore, is t\ot mgre positive than point C. 

Because d,c, current flows only through R^, through the 
tube and out the plate, the only ^voltage drop'in thi circuit 
is across Rj^. This causes point C to.be* more positive than 
point B (although -point B lias the same potential as ground), 

Fi.gure 6 shows that the cathode- resistor establishes 
all the voltage difference between the- control grid and the 
cathode. No- other component in the diagram can do s6„ • 

* 0 



9 v 
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In Module ED-01, M Concepts of Input and Output, " tjie 
amplifier was compared to an automobile. Using this same 
comparison, the following statements can be made: 



- Automobile 

When a car is in neutral^ the .engine, provides the 
reference source for the car. 

When a car is moving, and an gear, changes in the 
gas pedal position cause increased and decreased 
m^ot ion . 

„ Amplifier 

The reference to" which the a.c. signal adds to or 
subtracts from is the bias voltage, 
A positive-going, signal makes the control lead 
less negative and a^iegative-going signal makes^^) 
the control lead more negative. 



To make the output side of the tube conduct more ci^r- 
rent , the control grid voltage must follow changes in signal 
vol-ta^e-b.y "adding- to oir'subtxacting from~bras volt &ger. To v 
create stability in the stage, the bias voltage must remain 
constant,. so that output changes occur only because of input 
signal changes. : j 

The following summary is offered as clarification: 
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2, 
3. 



2, 



3. 



No Signal Condition 

No a,c, or d.c. current flows through .R g ; 
therefore, point A -and ground are left at 
zero volts, 

^ d,c. current flowing through makes point 
C a greater voltage than ground-zero voltage, 
I't follows, then, that the control grid is 

~. 1 ess— p o s i t i ve -^haa— the— cat h o de . — ~ — ' 



k ' With Signal * 

A signal placed on the input causes a,c, cur- 
rent to flow through R a , varying the voltage 
drop across it , 

As R ' and/ therefore, grid voltage change 
(due to signal changing) , the current flow 
from cathode to plate changes. 
Therefore, an input signal voltage changes 
the output current flow. 



Figure 7 summarizes the condition when sign'al is pres- 



ent on the control grid. Figures 7a, 7b, and 7c correlate 
to Steps 1, 2, and 3 above, respectively,^ 
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Figure 7 
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* To link the previous explanation with concepts of input, 
and output discussed in Module ED-Q1 , consider the following: 
the control grid is the input and the plate is the output. 
A stage amplification is realized, in that the small signal 
voltage on the grid controls the large current that flows 
out the plate. 



CLASS .OF OPERATION 

Only one class of operation has been discussed thus far. 
If every part of the input signal is to be amplified - as 
was done in the previous theory the stage has to be pre- 
pared. However, in many applications, all, of .the signal may^ 
not be needed. The following categories specify the amount 
of signal to be amplified: . 

• Class A - 100% of input signal reproduced. . ) 

• Class B - 50% of input signal reproduced by one tube. 

A second tube reproduces .other 50%. 

• Class C - between 20 and 40% of input signal is re- 

produced . r ^ 

^Class of operation in a tube is' created by changing the 
d.c. bias- between the control grid and cathode. In the case 
of Cla^s A, a cathode resistor is usually used. Class B 
usually eliminates the cathode resistor; the positive alter- 
nation of the input signal causes output* .current to flow. 
However, in Class C, a capacitor 2nd resistor attached to 
the input control grid usually cause thqi proper voltage for 
operation. . 1 

To gain a better appreciation of the class of operation.,/ 
Figure 8 outlines the waveforms reproduced by the tube when 
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a continuous sine wave is placed on the control grid for 
three classes of operation. 



3 



CLASS A 



INPUT 
VOLTAGE 



OUTPUT 
CURRENT 





CURRENT FLOW 
100% OF TIME 



CLASS B 




CURRENT FLOW 
50% OF TIME 



CLASS C 





CURRENT FLOW 
20 - 40% OF TIME 



Figure 6 . Input Voltage and Output Current 
for Classes A, B, and C. 



As one progresses from Class A to Class C, less and 
less signal is reproduced in the output, even though all 
the signal is present in the input. * • 

A ^stereo amplifier is an example of Class A, where the 
listener must hear all input sounds at outpdt for good fidel- 
ity. If a succeeding stage in another application needs only 
the top of the positive peak of a sine wave to make it oper- 
ate, then Class 'C is used. This latter example is used ex- 
tensively in oscillator stages. 

It is important to have proper d.c. voltages on control 
grids for each class of operation one wishes to create. 
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DISTORTION 

When grid voltage (bias) is improper - or changes ir- 
during operation, some amount of distortion -occurs as a 
result. The intended output will be altered. because of the 
input voltage ertror. Two examples of distortion are shown 
in Figure 9 . 

/ 

OUTPUT CURRENT 




b. Class B Distortion 



TOP 
CLIPPED 
OFF 



Figure 9. 'Distortion of. Class A and Class B. 

•In Figure 9a, the audio from a spe'aker. would sound 
slightly distorted or garbled because the top and bottom of 
each cycle is, missing;, thus , a part of the wavq is not heard, 

The proper bias on a tube may be checked bousing a 
d.c. voltmeter, by placing- the positive lead on y the 'control 
grid and the negative lead oh the cathode. Thfe Voltage read 
will be the difference in potential between these two, parts 
of th.e input section. One must then check technical data to 
determine proper voltage values.' v 



/ 
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Thus far, tube operation, class of operation,' and dis- 
tortion have b^en discussed. Tubes are further categorized 
as to their function in a given stage ,or system. As stateH 
in Module ED~01, two general categories are voltage and power 
Note the following functions of Classes A, B, and C: 

1. Class A amplifiers are'usually voltage amplifiers 
(with s ome' exceptions) . . 

2. Glass B are usually power, amplifiers. 

5. . Class C are tfsed for voltage and power stages a$ 
follows : i 

i 

a. Radio frequency powe^r amplifier stages. % 
b . Os cil lator/*ampl if ier I stagey. 

«■ * * 

V 

AMPLIFIER CONFIGURATIONS ^ 

To satisfy specific requirements in a system, various 
amplifiers can be classified according to circuit configura- 
tion. A* configuration is defined as M an electrical hookup 
showing 1*^e input and output and method of achieving operat- 
ing . voltages . M 

The fol lowing three configurations are created in tube 
•stages: 

• Common cathode. 

• Common grid ^ * 

• Common .plat e . , . - 

Each configuration achieves specific goals . Thes'e 
goals are charted in Table 1. 
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TABLE 1. COMPARISONS OF CONFIGURATIONS . 


/ 

• 

Configuration 


~ Amplification 


Voltage 


Current 


Power 
p (EXI) 


Input/Output 
Resistance ^ 


Input 


Output 


Common Cathode 


High 


' High 


Highest 


High 


High 


Common Grid 


Highest 


None 


Good 


Lowest 


Highest 


Cpmmon Pl*ate 


None 


Highest 


Good 


Highest 


Lowest 



Although Class A, B, or C operation is not specifiedj 
the three configurations 1 classes of operation would be m 
chosen according to engiaeering requirements. Any one of 
the three classes could be used in any one of the three 
configurations, depending upofk<appl icat ion . The following 
paragraphs 'contain in-depth discussions of these configura- 
tions. 



Common Cathode 



The prevalent configuration is the common cathode. The' 
basic operation of a vacuum tube (discussed at the beginning 
of this module) is accomplished by using a common cathode 
stage. Figure 10 illustrates the electrical 'diagram' showing 
inp^it and output signals*. 
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POINT A 



+ 6 



POWER 
~ 9 SUPPLY 
(Bt) 
300V DC 



OUTPUT 
<*MF©FlED AND 
totfERTED ) 



Figure 10 



Common Cat hode Ampl i f i e r , 



V 

The input signal is applied between the control grid 
and ground. Notice*' th-a-£-~-rlT6 firs t ^alternat ion of the input H 
signal is positive-going. This signal on the input controls 
the current flow from ground through Ru, through the tub.e 
and down through R^- Because, R^ is a resistor, it has a 
chaaging voltage drop. * ' N * 

If this changing E^^ is subtracted from the 300- V d*.c. 
power supply, it will ciause the voltage from point A to 
^'ground to change. 'This voltage xhange from point A "to ground 
* is the voltage signal that is sent on through <capacitor C Q 



to the next stage. Capacitors C 



:cr, 



and C- are necessary to 
C 2 . . % 



keep out any d.c. voltages that are being fed to any previous 
or succeeding stages. 

Capacitor C^, called an a.c. bypass capacitor, is neces- 
sary to 'create good stability and gain in the stage. 'Note 
that in the . output ,° the voltage signal is inverted from the 
input voltage signal. The common catftode 1 stage turns the 
,signal upside down — or more commonly,, shifts the signal 
1*8 0-° . 



A- 
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The conimptr^caTtnfde configuration (Table 1) p*ovifles 
goo f d voltaae and current increases from input to output. 
Although this configuration can be used to increase power, 
it is used most often as a voltage amplifier. 

This stage and othe ? r types- can be checked fqr proper 
operation bousing a voltmeter and oscilloscope. The volt- 
meter is used to check the d.c. bias volta^e'^and^rx:. pLatc 
voltage. The oscilloscope is used to look at the input and 
output waveform. In the .lab exercises at the end of this 
module, the student will have an opportunity to use both 
the voltmeter and the oscilloscope. 



Common Grid 

The common grid configuration is used where a- low # input 
resistance and a moderately high output resistance exist. 
A low input resistance indicates that a reasonable input 
current. can flow. A-high. output resistance indicates that 
little Current can flow in the output. 

The common grid stage is used when the previous stage 
has a low output resistance frpm its opiate circuit, and the 
succeeding stage has- a moderately high input resistance in 
its grid circuit. * ' 

Because the input signal- is <fed to the cathode and the 
control 'grid is grounded, the input and output are electri- 
cally isolated. However, the stage 'still acts as an ampli- 

f ier . / • - s J , 

In the, study of cathode bias-, it was state4 that M a 

smaj.1 signal change oh the control grid causes a large sig 

nal change in the output. ! ' In the common grid stage, the 
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change in the input circuit \s lnade r on the- cathode, and th 
grrd is stationary. As l ong i re the signal cbntrols input, 
it will also control output . ./Figure 11 shows the common 
grid stagey 




i. 



p - 300V- 8 t 
yPOWER SUPPLY 



Figure 11. 



The output s^de of the common grid st aV* funct iovyef 
exactly lik$ the output side of the common catno^ie stage, 



Common Grid Amplifier. 

i 

XL 



phase shift from inpu^ to 



However, 'there is, 
put . 

Although the commin grid stage has no' current gain, it 
deer's have the highest voltage gain of all three, cori-figura- " 
tions. v The power gain is only medium. . 

The common* grid st-age is used in very high frequency 
applications because the grounded grid causes th£"f£^gut to 
be isolated electrically from^he outputs ■ " * 



M 
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Common Plate * - * 

*,The common plate stage Is used for impedance matching. 
When a previous stage h'&s a high output resistance and the 
succeeding stage a low input resistance the "common plate 
stage matches the two. Figure 12 shows the common plate 
stage. 



0 





300V POWER .SUPPLY 
O O 



R K AND 



Figure 12. - Common Plate Amplifier. 



The input signal is placed on* the control grid, with 
output taken across the ..resistor in the cathode lead. The 
input resistance is high, and little signal current flows. * 
However, the output resistance is approximately equal to 
R k' ~~ The value o£ this resistor is very Iqw compared 

to* input ..resistance^. . 

• This configuration is Often called a cathode follower 
stage., Outpu^ signal tends to follow input signal*; that is 
the* Signal is not phase-inverted. Although^ the qathode 
follower stage hasfno voltage gain , .it' does have high cur- 
rent ga.in and reasonable power gain. , 



V 
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In summary, it must be noted that specific application 
dictates which configuration i3 used. In any system, the 
common cathode stage is most prevalent, followed by the 
common plate stage'. The common^ grid configuration is not . 
as frequently encount / efed ; however, it i-s used in high fre- 
quency communications equipment'. 

STAGE COUPLING 

The signal must be transferred from one stage to the 
next. This is accomplished by capacitive coupling, trans- 
former couplings or direct current coupling. Examples of 
each will be discussed in the following . paragraphs . 

Capacit i ve Coupling 

.Fronj the study of .capacitors , it can be recalled that 
this device passes a.c- current flow and blocks d.c. current 
Jrlow. When used as a coupling capacitor, its capacitance 
value is chosen* to present the lowest^ possible capacitive 
reactance to the a.c. current that is flowing. t Because 
different signal frequencies flow in a given system, each 
application has to be calculated individually. Figure 15 
shows two exampl es with different frequencies applied . 

Capacitive coupling is the most common type, of coupling 
used in audio stages. , However, d.c. coupling is also used, 
since capacitors always provide a voltage loss when used' as 
coupling devices-, and d.c. coupling eliminates these capac- 
itors. 

\ ■ ■ 

*■ _r 
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Designer decides X c must * 100 3 (ohms) 



0.0000015 F 
or 

1.3 F ' 
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20.000 HZ 



STAGE 1 
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— ie— 

c 



. X c * 100 Q (*0hms) 
1 



1 



Figure 13 . Capa'ci tive Coupling . 



Figure >14 illustrates a three-stage capacitive coupled 
amplifier. Three Class A Stages with capacitive coupling 

\^are shpwn in the figure: The frequency range of the input 
here could be. around 50 Hz to 15,000 Hz, or in the audio 
frequency range. The coupling capacitors C i , C 3 and C s , , 
couple this s.ignal 'from the turntable ?nd from stage to 
stage. Each amplifier operates Cl£ss -A and is a common 
cathode configuration which provides both voltage and cur- 

; rent gain. Because the*>last stage, drives a, speaker, it-is< 
more a current^ ampli-fier than the previous stages were. 
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TURNTABLE C 1 /\£ 




3 ' ^POWER 
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Figure 14. Three-Stage Capacitiye Coupled Amplifier. 
Transformer* Coupling 

A transformer reacts to a changing a.c. signal.- Similar 
to capacitors, thgser devices pass a.c. and block d.c. Remem- 
ber, transformers are impedance -matching devices andy there- 
fore, can be use'd' between stages to pass'a.c. signals while 
keeping d.c. voltages in their respective areas Figure 15 
shows two examples of transformer coupling. \ 

Figure 15a shows that resistance in the output^ of stage 
1 is equal to the resistance of the input of'stagB 2. For 
example, if the voltage level in the primary is 10 volts 
a.c, then the voltage in the secondary is approximately 10 
volts (excluding, any loss in .the \transformer) . The trans- 
former in Figure 15b shows 'a vbltage- step down because of the 
resistance ratio of 100:1 (10 , OOOQ/lOOfi) . In this a^p4ida 4 - 
tion, the voltage in thje. secondary 'is considerably less than 
the ^voltage in primary. According .to transformer .theory, a 
voltage reduction produces current increase, as sho*$ by the 
following -ratio : , * 
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.Figure 15.. Transformer Coupling 
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voltage to current ratio 
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This formula states- that the current ratio is.^ a recip- 
rocal of the voltage ratio. In Figure 15b, when looking at 
the signal in the primary and secondary with an oscilloscope 
(an oscilloscope records voltage), the secondary will have 
a much smaller P-P voltage value. 

Assume that the same range of frequencies was inputted 
to the three-stage transformer coupled system in. Figure 16 
as was inputted to the capacitive coupled system. Trans- 
former coupling, as compared to capacitive coupling, limits 
the low and high frequencies of the signal, because of the 
properties of the transformers. Instead' of 50 Hz, the low 
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Figure 16 . Transformer Coupl ing . 

end may be 105 Hz, thereby limiting low, or bass, f requencies^ 
Moreover, the high frequency may end at 12 , 000, H:, instead of 
lo,000 Hz, thereby reducing treble frequencies. 

Recall from previous data that the transformer passes 
the a.c. signal and keeps the respective d.c." voltages in 
the stages that the d.c. voltages are operating. 



Dire ct Current Coupl ing 

In the two previous types of coupling, d.c. voltages 
are blocked, passing oftly a.c, signal voltages'. When"direct 
current (d.c.) coupling is used, both d.c. and a.c. voltages 
are passed from one stage to the next. Figure 17 illustrates 
this. type of coupling. % 

Figure 17a shows output from stage 1 connected wire to 
the input/of stage 2. Figure 17b shows a resistor between 
the two stages. Because a resistor passes d.c* and a.c. 
voltages - as .does a wire - the two stages share both d.c. 
and a.c, voltages. Although the resistor does reduce d.c. 
and a. c. ' voltages , it allows both to pas's. 
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A, 



0/ 



STAGE 1 




STAGE 2 

* i 










a. 





STAGE 1 



b. 



STAGE 2 



- 'V 



Figure 17. * Direct coupling. 

In tube circuits, d.c. coupling is not commonly used, 
However, when solid-state devices' are covered .in later 
modules, this type of coupling will be discussed. , 



MISCELLANEOUS TUBE CIRCUITS 

• . *• 

Specialized circuits are often employed in electronics. 

Some frequently-encountered specialized circuits will be \^ 

discussed in the, following paragraphs. 



Laser Amplifiers^ . 

Recent developments in electronics have produced the 
laser. The term "laser" is the abbreviation for light 
amplification by stimulated emission of radiation. 'Although 
the eye cannot see the beam of light the laser produces (its 
frequency is beyond, the range o£ human- vision) the laser can 
be usedf to transmit information. Communications is making 



ED-02/Page 2J 



ERLC 



75 



considerable inroads; however, the medical field has made 
the most significant contributions to the development of 
new appl i cat ions for lasers . 



Traveling-Wave Tube Amplifier > 

« 

A similar device* to the laser is the traveling-wave 
tube (TWT) . % The basic form of this device contains an 
electron gun which beams a stream of electrons through a 
helically-wound coil to a collector electrode. A signal 
is inputted to the input side and interacts with beam and 
helical coils to create a modulated wave at a super high 
frequency (SHF) . ' This unit, a low voltage output device, 
is often used to provJ.de input to a final amplifier, such 
as a klystron. Figure 18 shows the basic TWT. 



CATHODE 
OV 



SEAM FORMING ANOOE 
200V TO 3O0V 
(PART CUT AWAY) 



OUTPUT 
0IRECT10NAL 

COUPLER COLLECTOR 
* 500V TO 15O0V 




MODULATOR GRID 
OV TO -50V 

INPUT 
DIRECTIONAL 
COUPLER 



; a, 

INPUT 
JACK 



OUTPUT 
JACK 



Figure 18 . The Traveling -Wave Tube Amplifier, 
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Klystron Amplifier. - * , 

A klystron device can also .be used to amplify signals ■ 
" in 'the -microwave frequency ;range . Similar^to the % TWT, an 
electron beam in the klystron device is fed from a cathode 
/ toward the collector. A signal placed on the input terminal 

causes electrons coming from the cathode to change speed, 
creating bunching and expansion along- the- length of the tube 
Figure 19 shows this condition. The end result is a modu- - 
lated wave at the output. ' 



INPUT OUTPUT 
TERMINAL TERMINAL 




Figure 19. Two-Cavity Klystron Amplifier. 



This device is usually used to drive an antenna which 
is used in a communications network (like those atop'tele- 
phone offices) . 
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. _ SUMMARY- 

Several points concerning vacuum tubes a^id their appli- 
cations- a^e Summarized below: 

• Tubes are sealed in a vacuum. 

• Most tubes provide amplification to the si^al placed 
on the. input . 

' • Stage resistances must^be matched so the signal will 
be trans ferred successfully without heavy losses from 
•one stage to the ne^X-*—- 

• Depending upon the (needs, tubes can be configured and 
classed to provide specific characteristics necessary 

for desired signal treatment. / 

» — > 

, • Basic theories of tubes can be altered to provider 
variety of tube applications. 

Although only the one-grid* tube was used to explain 
vacuum . tube operation, multi-grid tubes are also in use. 
When a .tube has additional grids constructed within the 
tube, grids usually have been added to improve tube opera- 
tion as a transfer and amplifying device. Consequently , 
multi-grid tubes h>ave sometimes been added to modern «tube 
. equipment . /* \ 



V 
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EXERCISES 

" ~ " ! T 

Research, then draw dragram, symbols for the following 
tubes : 
/ a. Triode . 

b. Tetrode a 

c. Pentode. 

Draw three configurations and show how input signals - 
and output loads wQuld be connected. (Use capacitor 
coupling on the- input sides of the stages and, trans- 
former coupling on the output sides.) 

Research, then state the' general classification of the 
range of frequencies from audio to ultra-high radio 
'^frequencies . 



LABORATORY MATERIALS 



Equipment: j 

1 power supply, 0-300 V d.c, 5-10 mA ability (regulated) 

1 power supply,' 0-10 volts, 1-5 mA ability (regulated^ 

2 vacuum tube voltmeters: 

' d.c. volt range: 0-1000 V d.c. 
a.c. .volt range: 1-20 V a.c. 

1 oscilloscope, triggered 5 mHz\ dual trace. 

or \ 

2 oscilloscopes, triggered 5 mHz\ single trace. 

1 0-20,000 Hz signal generator (audio). . 

Components: 

2 8-12 microfarads, 600 WV d.c. 

^resistor sub-boxes, Heathkit EU-28A or equivalent. 
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1 120 V a.c./12-6 V a.c. filament transltfYitf£r . 
1 12 AX 7. 

1 breadboard to accommodate tube hookup. - 
1; 1KQ 2 watt 5% resiator (carbon). 
1 100KQ 2 watt 5% resistor (carbon). 



LABORAtORY procedures 



VACUUM TUB'E AMPLIFIER 

In this experiment, the students build and operate a 
t^riode amplifier. 

PROCEDURE ) H - 

i. Look up the tube base diagram in a tube characteristic 



manual to determine socket pin connections, 
left side of the tube diagram for hookup. 
Connec* 1/2* "or 12AX?, a's shown in Figure 20, 



Jse the 




\ 



SCOPE 
CHANNEL 
A 



RES ^ 100 kn 
BOX 

100 kn 



9 R K - 1 kn 



SCOPE 
CHANNEL 
8 



1 i^l 



figure 20. Schematic for Triode Amplifier, 
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4. 



The Vpp power supply should be connected with the ( + ) 
terminal toward the plate. 



Prewarm the oscilloscope. ai}d signal generator. 
After-the instructor has, checked the circuit for cor- 
rect connections, turn on the filament power supply' and 
wait about 1 minute. Then turn on the 0-300 V *d.c. 
power supply. (No waiting is necessary for the 0-300 V 
d.c. power supply.) 

Adjust the signal generator so there is approximately 
a 0.5 V a. c. signal (P-P) showing on scope channel A. 
Place this value in the Data Table. 

Measure the output on scope channel B. Record results 
in, the Data Table. \ 

Using # A out /A in, calculate the voltage gain.* Place 
the result here: t ■ . 

Adjust the resistance boxps used for R g and Rp so that 
the greatest amplitude with the least di-s-tortion is 
obtained. Record'these values below: 



Does this tube invert the signal ffqm input to output? 
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DATA TABLE 



DATA TABLE. VACUUM TUBE AMPLIFIER. 



INPUT 



Input voltage 
(Jfr - £ 



Wave shape : 



OUTPUT 



utput voltage' 



Wave ^hape: 
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TEST 



1.' • The control grid in'*a Class A stage' conducts current 
flow. . . 

a. T-rue, . * \ ' 

b/ False 

2/ When the control grid in a Class A stage becomes toore 
negative, the plate current increases. 
a. s " True > [ 

bf False ' . . 



3. As far, as ,the power supply is concerned, list the 
. classes of operation- in'arder of their 'efficiencies 
a. ■ . 

D • ■ ^ ♦ * 



4,. As far as the! signal reproduction is ccmcerned list 



tfre classes of ' operation in order of their distortion, 
a . Least * -•<>■ • 



) c. Most - *' . - v " ' 

5.°. ■ As far as frequency response is concerned, list the 
thre^ types of coupling in the order they limit -the 
Tange^of" the input signal. Q) 

a . • 9 ftost limiting ; . m 

b . • , • , ♦ 

c • -Least limitMng^ . 4 . 

6*- What ty^e of configuration is used for a. high frequency 
* °. aarplif ler *when input to outpVt isolation is required? 



Which Configuration 'has the following': 
■a. M0l§£ 'power gain 



4 b . & Most vallTage gain V_ 
c- Most current gain 
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8. Bias in a tube is used to do the following: 

a. Set the static conditions of a tube 

b. Set the dynamic conditions of a tube 

/ - * . ~ 1 ■ ■ 

c. Modulate the tube . 

% d. None of the above , . 

* 

» ' v 
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INTRODUCTION 



. . SOLID STATE DEVICES . ' ' , 

\ ■ . * * , 

Semiconductor diodes • and transistors are classed 4s' 
solid-state devices becairse the electronic actjuon ^occurs • 
in a solid crystal, semiconductor.' material . 'Because 'thtese 
'devices are small^ and ligh-tw eight , feave no filament, and^ 
are v economical to manufacture ,< they are .rapidly replacing 
almost every vacuum tube application knWn - except the 
Jiigh-power tybes used in some transmitters. This module * 
discusses basic -physics and electrical properties -of solid- 
s^tate devices, as well .as practical applications. In £tt% 
laboratory, the student le^afns the operation o'f a common, 
emitter amplifier, and testing procedui*es for b ipolar" tran- 
sistors. . - , " . 



PREREQUISITES 



The student shoul d v have- compl-eted ,orfe year'' of algeb.raf 

and'should also be familiar with the concepts *of direct 

. • . : v 

current and alternating curteni electronics. * • * 



K3 



OBJECTIVES 



Upon com^le-tion of this mbdule; the student, should 
able to : > 

• 1. Naifte advantages of bipolar transistprs over tubes. * 
% - '2. 'Name disadvantages of bipolar transistors. 
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' 5. State atom structures of 3-, 4-, and 5-valeivce-ring ^ 
erectrons -and combinations thereof to form.N- and*P- 
materials . • < 

4. Describe the process of using* both one' and two junc- 
tions to form P-N diodes and P-N bipolar -transistors . 
Include, both NPN and PNP transistors. 

5. Explain atom structure differences between NPN and 
PNP transistors/ < * * \ 

* 6. - With an ohmmeter, successfully test an NvN and PNP 

1 transistor for junction condition. - _ 
7. Explain differences between bipolar and unipolar^ 
transistors. , 
— \ Define the- terms "depletion mo<te lf and "enhancement- 

• " * - mo4e M as they, relate" to an IGFET . 

' % 9. Sta.te a reason why gates can never be made positive 

"for a N- channel -JFET or " depletion ' mode N- channel IGFET, 
-and state 'a reason whv aates can never be made negative 
for a*P-channel JFET or depletion mode P-channel IGFET. 
10.' State safety "precautions -to be "taken in the use of 
IGFETs . ' - , " 
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SUBJECT MATTER 



,\ Discrete, solid-state devices are divided into two 
primary categories: bipolar and unipolar/ Bipolar devices 
are constructed with, semiconductor junctions; whereas uni - 
polar cfevices consist of one semiconductor material. This 
module discusses bipolar devices,' as w^ll as the more ad- 
vanced unipolar* field-effect devices. % 



. , - BIPOLAR DEVICES 

Considering the advantages of solid — state devices, it 
is understandable that the electronics industry has capi- 
talized on their use whenever possible. Following is a list 
of the advantages they pose over vacuum tube devices: ^ 

• No filament. 

Longer life., expectancy. , 

• Compact . ' ■ _ 

1 • -Lightweight . • 

• Less fragile . \ 

• Instant-ON, ' . % 
Lower power-supply voltages. - ^ 

* • Less operating current requirement • 

In constructing any system; both ^ize and weight play 
an important role. Energy* use, in Articular, is .a critical 
consideration irt desigh. Moreover, the space race has de- 
pended rugged- equipment that can withstand vibration and 
"changing ' temperatures % yet can respond £t the flip of a , , 
switch. All of* these requirements are satisfied, by the 
introduction of the semiconductor. 
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However," soliS state devices do have 1 certain flaws.* 
Below is an example of some of the disadvantages attributed 
'to solid state devices : 

• Sensi tiveftcf'^heat during operation pr storage. 

• Sensitive tta^ signal over-driving. 

• Sensitive t9 excessive operating Voltages. 

• High internal noise. 

If too much current passes/ through a solid-state device 
it becomes overheated and is damaged. *This condition can 
• be caused by any one of *the first .three disadvantages dis- 
cussed above . Whether it be external ambient heat, or in- " 
ternal heat caused by signal and/or v<?ltage, the device can 
be destroyed rapidly. 

^JTd prevent such damage, many of the devices shown in 
Figure 1 must have metal heat dissipation units placed on 
them as an attachment. 'Without these add-ons, the solid- 
state device has to be operated at a lower output rating 
to assur^ a lower heating level. 

,2fie fourth disadvantage 'Stated is noise. Because of 
construction artd the nature of the materials, tihese devices 
intarn^Lly exhibit random movement of electrons jvhile they 
are operating. » This leads to noise being added to the sig- 
nal* as it passes through the device. If heat level of the 
device ifs kept low. noise }.evel is reduced. 

Figure 1 shows a variety of Solid-state devices. Fig- 
• • * * • & 

ure la displays ]Xower transistors at the top and voltage 

transistors at the bottom. These devices usually require 

a heat sink because their operating temperature is -higher 

than the smaller, lower-power units^which a*re shown at' the 

bottom of Figure la, * 

> ' - " 
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a. Transistors 



b. Silicon Controlled Rectifiers (SCR) 





c. Rectifier Diodes 



d. Signal Diodes 



Ffgure 1. Solid-State Devices 



Figure lb 'shows electronic switches used t*o turn ON 

and OFF d.c. and a.c. current . flow. These devices are 

•£> 

•often used to control both low and high currents -in elec : 
tronic and motor control circuits. 

Figure lc shows power supply diodes which,, are used 
specifically for rectification, o^e size of these devices 

tells something about thp amount of current" that can be 

* /■ _ 

passed through them without damage. 
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Figure ,ld displays diodes used to rectify in the" signal 
path. These devices have special characteristics so they 
can operate properly at a given frequency. '-They are often 
used to demodulate a signal. Demodulation is a process 
used in communication equipment where^he signal from a 
transmitting station is treated by receiver stages so the 
signal produced originally can be received.. 

' i 

SEMICONDUCTOR- MATERIALS 

Semiconductor devices and packages are constructed in 
a variety of ways and from different materials. Two of the 
materials used are germanium and, silicon. Germanium was 
used to make semiconductors in o the 1940s and 1950s. Silicon 
has replaced germanium r in recent; years. 

The term Semiconductor" originates frqm the awareness 
that the device is Vin between" an insulator and a -conductor 
as far as its resistance is concerned. Free electron^ deter - 
.mine what characteristics a material will have, and whether 
that Material is a conductor or a-n insulator is determined 
its ^molecular structure. Because a combination of mate- 
k ials from both insulator and conductor classes %re used to* 
form a semiconductor, 'there must' be a method to combine the 
di£fereht atoms' o£ each material. , 

Figure 2 shows an insulator atom which has four elec-' 
trons in its* valence ring, (A valence rii^ is the outermost 
ring in any" atom.) , An. a*tom with this c6ndition indicates . 
a stable unit in which the atoms* are bonded (by the nucleus) 
to the" hQlfTTn which they resioW. Because the atom is 
stable, it is difficult to .break th.ese ' atoms- f ree . In other 
words-, there are no free electrons which an electrical poten- 
t %3jpF cajj^move easily. * ( ~ 1 
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NUCLEUS 



VALENCE 
ELECTRONS 




GERMANIUM 



32 ELECTRONS 

4 VALENCE ELECTRONS 



StUCON 

14 ELECTRONS \ 

4 VALENCE ELECTRONS 



9 ATOMS 'SHOWING . 
NUCLEUS-*ND~VALENCE 
ELECTRONS ONLY. 



• Fi-gure 2. Insulator Silicon Atom., 

Electrons are negatively charged and. reside in a hqle. 
When these electrons are rfeftoved, they leave a positive hole 
Thus,^the electron and the hole bond are like a negative and 
positive charge combination: equal and opposite. ; \; 



CONDUCTION OF ATOMS 



\ 



£i* Mo^electro'ns can flow unless they are free to d<3 so. * 



Sajae atoms 1 be added to the insulator atom structure 
t have either fl l more tlftm" or M l less than" 4 electrons- 



in their valence ring. This means adding atoms that have 
either 3- or 5-valance electrons (outer rings). The struc- 
ture change provides an off-balance. 

Figure 3 shows atoms having 3 and 5 electrons which ' 
^feall be added to the 4-eT%ctron silicon base mUterial. 
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ACCE P TORS 



DO N ORS 




VACANCY 



ELEMENTS: 

BORON 
ALUMINUM 
QALUUM 
INDIUM 

a. PtTYPE 



ELECTRONS 



NUCLEUS 




elements: 

'phosphorus 

Arsenic 

antimony 



I 



b. N-TYPE 



S 



Ms. 



Figure 3, 



Impunity Atoms. 



So that these atoms *may be identified further, those 
atoms having only 3 electrons in the outer ring will be 
called P.- type, and those having 5 electrons will be called 
N'-type, ^ 

P-Type Atoms . ' 7 • • . • 

Atoms havi^^^iV; l^^Tectrons , as compar-ejp-tro 4 elec- 
trons, could a^oinigpdate ;ao"a-d^iti6feal electron. 'This is 
shown as t^'e vacan^"^ art^L thi^ vacancy- has^a positive charge. 
The Vacancy can theil- become z. ^ocatio^r^intd which an elee- 
^ron.,e:^n\/inove temporarily if . out side - force causes it to j 
^m'ove ..'>"- . - - . ; t 



1 ?Wv: 

fe JF-V>£%ge 8/ED-05 

-v. 



93 



N-Type Atoms 



Atbms having ,5 electrons, as compared to .4 electron?, 
have only one electron they can share .or give up. This 
electron can move into the* vacancy create^ in the P-type 
atom if an External force causes it to move and if the re- 
type and P-type atoms are bonded together, 

" The .proces.s of ' forming the P- of N-type material, 
known as doping,' is achieved by a heating process known 
as fusion. ;~ » • _ 1 



r 



Combined Atoms 



To form a semiconductor. material, either the P or N 
atoms. are added in small quantities to the 4-electron l ger- 
manium o,T silicon atoms. This results in a primary silicon 
materi'al with only small quantities of either P-type. or N- 
type atoms . u ' I 



r 



Formation of the" 4-, Combination (P-Type Material-) 



When sVmi^ndu^j^r% are constructed,, either silicon or 
mium 
a£e aidded. 



germanium is u^J^'W^he. foundation, and P-atomsr or N-atoms \ 

WHfen P-'atoms are added, the materi'al thus formed 
f is called, a' .j^a'ter'ial. When 'the . N-atoms are added, it; forms 

Note 



:'^^^ie-..^ecancy crea;t c eil < w'hen the, 
.>^,,/tr^li atoms' are mixed. * 

■-■■■-y-w-S 

AT.-.. 4 



c^kriRatexial. Figure 4 shows a* P r material formation. 



4-electron atoms and the 3-elec- 
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a p- ATOM 

v THE ® REPRESENTS AN ABSENCE 

* * " * OF AN ELECTRON 

•• o • • o . ' 



— - VACANCY 

• m • 



figure '4. P-Type Material 




Formation of 4-. c Combination (N-Type Material)^ 

* . . » * 

Instead o£ adding atoms 'with 3 electrons', .atoms Vith 

5 electrons a.re adde'd.- The formation called, N-type materiad 

yields extra eLectrons to the end product. Figure -S^shows 

the molecular structure formed from a fusion process. Note 

the additional atiTm created whea the 4-electron atonis and 

the 5-electron atoms are mixed/ 
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£5, 



■ ft. 



< \ 



J 



3 h 



• • • 



0 



ELECTRON 



* > N-ATOM 



< THE 0 REPRESENTS AN EXTRA 
ELECTRON OF THE N - ATOM * 



; c 



^ 'Figure 5. N-Type Material, 




Conduction of P- and N-Type Materials , >\ \ ' 

L " . " - ■ ( " ■"' 

When* tHe .( + )* and (-) conditions ^re created, either can* 
be moved an a predetermined direct iph ^which Is determined by $ 

' the type, of.-' material an : <^s s th^' polarity of -the battery olr ex- 
ternal voltage soufee. In tnfe .creatflcrn o~f tKe. mSt/srial, the 

^entity* in abundance' becomes jthe .at em' moved .by the battery. 

VThe abundant' entity is 'usually'called the majority carriers - 
for forward, current fJ.ow,\ Any flow of 'current in the reverse d 
direction *i\ called -minority 'carriers £nd 'is always opposite 
in-cHarge polarity,. Figure 6' shows tfre jnqyement , (fl^rw) of, . f 
majority and minority carriers/ - * v; :> ' • . . ^ 

Particular at terit'ion* should Ve given to the* flow* of cur-v-' % 
rent. The rules of -fcurrent ' f low are 'not. jciplated in, the\a$Rl4^w 
cation. Note that majority current floV is'-far greater than 
minority current Jlow in either type b Crater ial* ' Jt should - 
be : obvious that the s battery "causes majority car f4ef* movement- 

- - . x . . •■: i ■ -■ ' x : • v • 
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N - TYPE 




P- TYPE 



0 MAJORITY 
0 MINORITY 




©^MAJORITY 
© MINORITY 



Figure 6 



Flow of Majority and Minority .Carriers 
in N- and P-Type Material. 



Not. so 1 obvious is the cause of minority carrier movement. 
In earlier pagesof ithis module, heat was said to have 
adverse effects on semiconductors. In this instance, heat 
is, the energy that causes minority carrier movemeivt. There 
is* no such thing &s a material that is perfect, and imper- 
fections-, in this case, oc'cur in the presence of unwanted 
electrons or holes that are not bound td the material. Heat 
in thfe P; oj N-type material, releases carriers of unwanted 
polarity. These -are the 'minority carriers . 



FORMATION OF THE P-N JUNCTION 

To create a basic solid-state devicl it is necessary 
to bond together a P- and >t-section cheating what is ,krto'wn 
as^he P-N junction. .When a battery dV connected to the P-N 
device, a majority current is caused to flow in 'one direction 
only. With no battery, connected , no 'current can flow**— even 
though the P-sekti^Dn has extra hol-es and the N-s.ection has 

« 
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extra' electrons . 
a battery. 



Figure 7 displays the 'condition without 




BATTERY REPRESENTS 
POTENTIAL DIFFERENCE 




• 
• 



\ 



a 



Figure 7. P-N Junction - No Battery, 



Figure 7 shows the/condition of the N- and P-section. 
The N-section shows an abundance of free electrons which., 
are repelled and held back from "the junction by the elec- 
rons "of the P-section. The ' P-section shu)ws an abundance 
of holes which are repelled and field back from the junction 
by the holes of the N-section. The net result is an" N-see- 
tion being' negative in polarity and a P-section being posi- 
tive in polarity. Because there is a difference in the num- 
ber .of electrons between the two sections, a potential dif- 
ference (represented by a battery) exists' internally within 
'the formed P-N junction. (No battery is physically there.) 

Figure 8 shows what takes place when an external battery 
is connected to* the "device. 

In Figure 8a, the battery is connected so that no major- 
* ity current will* flow. The potential difference is made 

greater between £he Pc and N-section when the external bat- . 
tery is present so that the barrier between the two is greater 
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• POTENTIAL 
DIFFERENCE ^ 




REVERSE BIASED 
+ . - 



a. b. 

Tigu^ 8, P-N. Junction - With Battery, 

(has a greater resistance). The battery reverse biases 
the P-N' device (Figuje' 8a-). 

Figure 8b, on* the other hand, causes a flow of majority 
carriers in both the N- and P-sectiqn. It -should be realized 
that * the potential difference across ths junction is de" 
crear5-&4-^o ,near zero — so the resistance is also'reduced to 
a very low value — allowing current to flow between -sections . 

A clarification of current flow is important at this 
poiat. A battery provides electrons as a current flow. 
Moreover, .the N-section provides an abundance of electrons 
that aids current flow. Electrons are the only items that 
flow out of. the P-N device to the external circ/iit where the 
battery is located. The holes in the P-section can be con^' 

side'red^ as vacant, locations that an electron may fill -and ~ 

again vacate as it migrates through the P-N device, H In Fig- 
ure 8b ,' electrons are leaving the battery negative terminal 
^^and ente'ring the N-section. Along with electrons of the 
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< 

N-section, the battery electrons migrate through the v barrier, 
into, and out- of the holes in the P-section, and^return to 
the positive terminal of the battery. m t 

If the battery. were reversed (as in Figure 8a) no cur- 
rent could flow. Thus,, this device is a one-way path to the 
flow- of electrons. If the battery were replaced with an 
alternating source, current would flow during either the 
positive or negative alternation, depending on the connec- 
tion to the P-N device. 



DIODES v 

The P-N device' illustrated in Figure 8 is actually a 
practical diode. It can t>fe used for several electronic 
•applications, some of .which are listed as follow^: 

• Rectifier. 

• One-way switch. * * - 
•' Regulator. * m 

• Voltage-variable capacitor. 



Rectifiers c 

• • • c 

As a rectifier, the diode 'rectifies aii a.c. current 
flow to apulsating d.c. current flow. * Figure 9 shows this 
condition J ,.,|ri this example, the device 'symbol ^commonly 
fouifti i^r diagrams is used. -Note: / During proper 'operation^ 
Tujfeitalways flows from left, to right against the arrow. 



v. 

i 



, ED-03/Page 15 



( N - SECTION ) 
CATHOOE 



( P - SECTION ) 
ANOOE 



ELECTRON FLOW 



r 



• AC 
SINEWAVE 
SOURCE 



44- 



OIOOE 
_ RECTIFIER 



LOAO 



J 



2L Symbol 



b. Circuit 



Figure 9 . Diode Rect if ier . 

I£ current flows during negative alternation of the 
generator, the top of the generator is negative and the 
bottom is positive. Current will then^ f low clockwise (Fig- 
ure 9b). Whan positive alternation occurs (because the top 
of the generator is positive and the bottom is negative) , no 
current can flow because of the makeup of the jdiode. 

Figure 10 shows a eurrent flow graph of the common 

diide. ThX^>graph shows that current will floy easily after 

£he barrier potential difference is overcome. As^long as a 

potential of the proper polarity is attached toj the diode, 

* * *' — 

it will conduct. Reversing the battery or souiice (as long 

as it is not greater than the diode will withstand) will not 

allow current to flow. The result of the back, or reverse 

voltage, becoming too great is shown on the graph *as aya- 

lanchev current . This can cause permanent damage to the . 

diode, resul~tin£ in a short-circuit and, possibly, smoke and 

fire as well. In addition, if the* diode is placeci -backwards 

in the circuit, permanent damage will take place Within the' 

diode because this also will result in a short ciVcuit 
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Figure 10. Standard Diode Rectifier, 



One-Way Switches 

• * 

Diodes can-t>e us'ed as a one-way switch. Some elec- 
tronic applications require a signal -coming in with nothing 
goifig out. This concept is much like an animal trap where 
the "once in-must stay in M principle . applies . Figure 11 
illustrates the principle. 



' > Figure 11 . 
Dioda Switch. 
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In this block diagram, signals or currents flowing with 
in th,e controlled circuit are nort permitted to pass into ^he 
^control pulse circuit. However, the prpper polarity pulse 
from the control circuit is perm'itfc^d to flow through the 
diode and into the- controlled circuit* A • 

- \ 

Regulators' w 

\ A special diode, called a* Zener diode , ^tilizes the 
avalanche characteristic of a semiconductor device. The 
diode-is made to break dbwn at ar-specific voltage value 
when it is applied during non-conduction. Figure 12 explains 
this condition. 



REGULATED 
# VOLTAGE 



AVALANCHE 
CURRENT 



t 




FORWARD 
CONDUCTION 



Figure .12. 



Zeher* Diode Response Curve: 



The tener diode isi. placed in* the reverse position for 
proper operation. When a voltag'e equal to' the breakdown 
value is allied* to- the diode, it will conduct avalanche 
current „ acting as a near complete* short for- an^ voltages 
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greater than the breakdown Voltage . * This* redaction "locks 
in" a voltage drop across the diode that remains constant 
in value,. Figure 13 shows a practical application, * 



POWER 12- 14V 
SUPPLY 



OUTPUT 



12V 



ZENER DIODE 

SYMBOL £\ s 



LOAD 



Figure 13, 



Zener Application, 



Although the power supply output is a r<mge from 12-14 
volts d.c, the Zener locks in the load voltage at 12 volts. 
Thus, the voltage allied to the load is regulated. 



Voltage- Variable Capacitors 

» « 

* •> * 

Another • semiconductor used in electronic equipment for 
.both -frequency-modulation a^d frequency-control is the volt- 
age- variable capacitor, or varactor. This device is con; 
structed to emphasize the change in capacitance that results 
in changes in the width of the barrier, or junction, of the 
diode. _ Much like a capacitor, the left and right sides of - 
the junction act as the plates of the capacitor; whereas, 
the region in between becomes the dielectric. Changing the 
potential difference across the junction changes the distance 
between plates, thu^ changing the capacitance value of the 
diode. Figure 14 shows the junction area and illustrates how 
it changes width. t -' 
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SIMILAR TO PLATES 
. OF A CAPACITOR 




AREA DEPLETED OF CARRIERS ACTS 
AS THE CAPACITOR DIELECTRIC 

+ 1. ~ 



Figure 14. Varactor for 
Dielectric Changes . 



If the diode is placed in the circuit in parallel with 
a coil, the frequency of the LC network can be varied as the 
capacitance value of the diode is changed. Figure 15 shows** 
a practical LC circuit. 



' DC BIAS 
VOLTAGE . 




TO REMAINING 

CIRCUIT 
COMPONENTS 



Figure 15 . Varactor Circuit 



Ci and the diode are in parallel with L, creating a 
parallel-.LC tank circuit. Ci and C^ , being in series, add 
as their reciprocal adds. Changing C^ * changes the total 
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C value* and, thus, the resonant frequency of , the tank cir- 

cuit. Cry ,is changed by changing the d.p« bias voltage. 

1 • , *" • 



DIODE TESTING 



A. 



3 Standard rectifier diodes can be checked with the use 
of an ohmmeter. ■ The RXlOO or RX1000 scale will -show the be 
results/ With the test leads placed one-way across thg 
diode, -an almost infinite value can be recorded,, Reversing 
the leads, will yield a very^ low resistance, * 



BIPOLAR TRANSISTORS 



The transistor uses two P-N junction diodes .*< The in- t - 
tent of combining .junctions, is to crqate a control section 
over the electrons tKat flow 'from one end of the transistor 
to the other. Figure 16 shows *the formation of a NPN bipolar 
junction transistor. « , , 
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Figure 16\ Formation of a. NPN Bipolar Junction Transistor. 
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A'PNP bipola-r junction transistor, which is the^ comple-* 

ment of a NPN r transi 4 sto*r , can'alSdbe formed. 

At this point,.it would be lielpful to discuss how a 

transistor is % made to control. Irr the study of tubes, it 

■ v 

was learned that the input* was iftade to control the output. 
-In the case 6f transistors, the operation J.s quite similar. 
However, 'in most cases, involving tubes,, no current flows put 
of the control grid; yet current does- f loW normally out 'th^' r 
control lead* for the transistor. 'Figure 17 illustrates the * 
le&'ds of a "transisibr. * . . • » 
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figure 17.^ Bipolar Transistor functions (NPN'j . 



To establish control* the junction between* base 'and. 
emitter will have applied to it a varying voltage which " 
con's-iists of a fixed d.*c. voltage and , -vary iirg a\c. signal 
voltage. It must be remembered 'that the control ^circuit i£ 
the input circuit. »There must' also be an output circuit -. 
In the tAns.istor, the output circui^is connected bSfcween ' 
emitter and .collectors ' Figure 18 illustrates how all of this' 
fits together (the NPM transistor stage) . * 
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Figure lb- NPN Transistor Stage, 

The junction between the emitter and base is*forward- 
biased, : In other words, as the signal becomes morfe positive 
during'a positive alternation," the signal voltage adds to. 
the fixed d.c. vo-ltage and narrows tlie >unct iori:^_JVhen the 
juivc^ion* becomes narrpwer, the resistance .of this one-way , 
barrier /becomes reduced. Because there is less resistance ■ 
here, more current can flow from emitter to collector. In- 
versely, when the negative alternation of the signal voltage 
^appears, it subtracts from the fixed d.C; voltage (from the 
.power supply) . This causes the width of the emitter-base 
junction to increase, thus increasing it's resistance. As a 
result, less output current flows from emitter td collector, 

9 ♦ 

It is important tcnote-' that the output power supply voltage, 
is' much larger in voltage, than the input power supply vcrftage 
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Moreover, a small change in input signal current) controls 
a very large change in output current. Thus, compared to 
^a_tube, the /transistor is a cu'trent-ocfn'trplled device ratljei 
than 1 a voltage -contr priced -d-erfice. 

It was stated earlier that* the PNP transistor is a 
complement * to the' NPN transistor. Figure 19 shows proper 
connections for the PNP transistor. . 
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Figure 19. PNP Stage. 



The major difference is the direction of current flow 
in the input and output circuits. Electrons comprise the 
majority carrier movement in NPN -transistors ; whereas , holes 
comprise the majority carrier movement in PNP transistors. v 
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bipolar Transistor test 



The ohmmeter is the basic test' equipment for checking 
a transistor for GO or NO GO condition. Checkings tran- 

'sistor wi,th an ohfhme-ter simply involves looking for^r unusually 
low or unusually high resistances. Both junctions must be ■ 
decked for lo^y and hdgh resistances. 3 This^ftay be accom- 
plished -by reversing the leads* for each junction. Figure 20 . 
shows the proper, way to check a PNP transistor/ 

. • In Figure 20a, the forward 
resistance is checked first. ~~ \ 
The posijtive ohmmeter lead is 
connected to 'the base.> At the 



same time, the ground or, negative 
lead is connected to ^the emitter 
and then to the collector. The 
result is a low resistance for 
B-E and'B-C junctions. figure 
4 2 0b shows a reverse resistance 
check. In this test, the' 
groJhd lead is connected to 
the base and, alternately, the - 
positive lead is connected to^ 
tfo& emitter and to the collec- 
tor. This 1>ime, both tests ' 



METER 



1 




Forward,. Resistance Check- 



• _-w> 



METER 




b. Reverse Resistance Check 



Figure 20. PNP 
Transistor Testing, 




will, yield almost infinite 
readings . ■ ^ 

Figure 21 shows the proper 1 ' 
testing for a PdNP junction trafi- # 

sistor. The same basic procedure is followed here; however, 
in each case, the ohmmeter leads are reversed to yield a low 
and high resistance, respectively. 
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a* Forward pesistance Check 




Figure 21 



NPN Transistor 
Testing . 



b. Reverse Resistance Check 



The resistance values that one can generally .expect in 
testing inPN to 1 PNP transistors are listed in Table ^. 



X. 



TABLE 1. TRANSISTOR RESISTANCE VALUES. 



1 

' : /> ' 

c • 

Voltage 
transistors 

Power 

, transistors 


Nl 


?N ''■ ' 


PNP 


Forward 


Reverse 


Forward 


Reverse" 


sooVsoon^ 

200-400ft 


500,000 
to 20 megft 

10-0,000. 
to ,10 megft 


3ft0- 50 0ft 
' 200-400Q 


500 ,000' to 
20 megft 

100,000 to 
10 megft 
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IDENTIFICATION OF NPN OR PN? TRANSISTORS 

Taking the proper steps to determine transistfc^ type 
is important , # s ince many are difficult to identify by num- 
bers on the case. Below is a list* that will be useful in 
identifying transistor types. * 

1. Determine le^d identification (E, B, C)^ 

2. Connect tjie ohmmeter to the base and emitter. 

3. . Obtain a low or^high reading and note which lead is 

attached to the base. , t 

4. , Use Table 2 below to determine type. 



TABLE 2. TRANSISTOR JUNCTIONS 



Resistance. 


+ Ohmmeter Lead 


- Ohmmeter Lead 


Reading 


to Base ,/ 


to Emitter 


High c 


PNP 


NPN ' " 


' Low 


NPN 


. 40^ PNP' 








) 


/ 


* 



-FIELD-EFFECT DEVICES 



ERIC 



The development of the transistor .has produced a solid- 
state device" that operates much like a tube £S fair as ^elec- 
trical principles are concerned. Basically, there are two 
types of f ield-ef^ect^transistors : the junction FET and the 
insulated-gate FET. Because of construction, the second type 
is often called a metal-oxide FET.^ 
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JUNCTION FETs 



i 



FETs are unipolar because only one majority carrie'r is 
present throughout the device. This device is constructed 
with one path for'vCurrent flow from one end to the other. 
The path, called ^channel; .has a lead attached to either 
of, the ends much like a resistor. The channel also possesses 
a uniform resistance from one end to the other. The^ entrance 
eftd is called the source and the exit is calle^l the drain. 

Figure 2 2 shows the channel (shaded) which is made 
from an N-type material (4-^) and a control segment that is 
located on 'either side of the channel and made from a P-type**' 
material" (4- O . The , internal surfa&e between the channel 
and control # g-ate forms a junction. Notice that there, is a 
P-type material located'pn either side of the channel. Both 
of these control surfaces are identi-cal, and they act- on the 
channel equally when* they are used. 

To^control current flowing t-hrougli the device in Fig- 
ure 22/ one must first hook up the voltage_sjmxc-e6 . Then,, 
both gates (G) must be tied to the same voltage point, making 
this voltage negative. A voltage will then be applied be-, 
tween the soup^ and drain. Figure 23 shows these xonnec ;i? ' 
tions with voltages and polarities. « „ 

V The*negative polarity applied to *the control gates will 
repel electrons entering the channel at the source lead: \y 
Notice the source electrons are forced to pass through a nar- 
rower channel as they pass the gates. Thrs narrowing action 
is controlled by the amount of negative voltage applied to 
the control gates. More negative voltage makes* the channel 
even narrower. .When the negative potential becomes so ' * 
great 4 that it actually repels all electrons from the source 

* ■ *> • 
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Figure 22. JFET Structure. 
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»' . Figufe^2'3. JFET Current -Flow Cb}it 
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and none reaches the drain, the result is calle'd gate pinch- 
off 'potential . Notice the term "potential" is used, indi- _/ 
catijig that if the gate is always kept negative (as compared 
to the source) then no current can be attracted from the 
source and flow out the gate. Therefore*, all current} enter- 
ing the source must flow aut the drain. Changing the nega- 
tive potential on the gates will control the electrons flow- 
ing "through the channel. 

This method of operation is similar to that of a water- 
pipe valve control. Another example is the operation of a 
canal lock used in boat channels. As a boat approaches, 
the gates are opened to permit the boat to pass. The size 
"of the boat that can pass through the channel is governed 
by the gate opening. 

For some applications / one of the FET gates can be 
tied to ground or some prefixed voltage more- negative, than 
the source and the other gate used ftfr controlling the flow o: 
current through the chanhel. Whichever method is used, a 
smalJL change of voltage on the gate(s) causes a large change 
in current flow through the channel. Thus, a signal can be^ 
attached to the input gate(s) , controlling the output current 
^ote here that the combination of the input signal and gate, 
battery must never cause* the gate(s) to be more positive 
than the source.' ^ 

A N-channel and P-gate were used in the above example. 
However , *FETs can also be ^constructed with a P-channel and J 
N-gate-.- Under these conditions, ,battery polarities must bre 
reversed. 1 Figure 24 shows /the polarity relationship neces- 
sary for both the N- and P-channel devices. 
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^ ' b, P- channel FET* * 

Figure 24. Polarity Relationship. 

With the source lead^being* common , the N-channel device 
has the gate more negative and the drain more positive than 
the source. In \he P-channel device, the gate is more posi- 
tive and the drain is more negative, than the source, ( 



INSULATED' GATE FETs 



Depletion Mode 



Another type of. FET which does not have a P-N junction 
that must be reverse -biased is the depletion mode insulated 
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gat;e FET (IGFET) * This transistor uses a gate that is physi- 
cally $nd electrically insulated from the channel by.a narrow 
"layer o£ -oxide material. The ifisulated gate is metal, which 
affords this device several advantages over the standard 
junction FET. ■ Being insulated, current can never flow from 
-the source lead through tde channel and out the gate.'^fn* 
this device, the gate can, therefore, be made positive' or 
negative (as compared to the source) without damage. In an 
amplifying device, this f ea?lire VN -c£eat es an enormous advan- 
tage. Figure 25 shows the , construction and 'transistor symfrol 
for the IGFET when tY\e device is operated with the gate 
always more negative than the s.ource*. 
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Figure 25. Depletion' Mode IGFET. 
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The B lead shown Is attached to the base\<?r substrate 
of the device. AKhough the § -lead can be*connected dif-^ 
ferently, the common method is? to attach, the B \and' S leads 
together. > / ^ - 

'j It must be noted thatV e^en though the gatd or input 

i's insulated from the -channel, arcing can occur if the 
potential difference between .the gate and the source is 

: too. great.* In' order to ayoid this possibility, c^re must 

be taken in designing a stage with this* FET. 

.v \ $ - 

9 . . 



Enhancement -IGFET 



If the IGFET device is used so that "the gate is Sometimes 
operated ^ M more positive" • than the source, the external gate 
9 volt age/supply "/must be reversed, as shown in'Tigute 2( 
^^*This mode o£ operation *is called the enhancement, mode .\ The , 
device is stall a N-ch&ixnek device, as is shown by The \arrow 
pointing IjN* (representing^- channel) ? 

\ • • / . 
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SOURCE < 
a» Symbol - • & - b. Operation and Bias 

♦ Figure 26. .Enhancement Mode. 
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^ ' Furthermore, when. the IGFET iS^operated in this mode, 
; its # symbol crti a diagram has a broken line along the drain, 

base, and source (Figure ^6). / 

As was the case with junction FETs , this device can be 

constructed with a P-cha'nnel. The voltage sources must then 

t be. turned around (in contrast to the^N -'channel type). The 

* — - 

gates are made from a metal material, " rather .than a N-type 
material — which is possible because ot* an oxide layer.. 
There is no junction in 1 the IQFET^ / * 



CONFIGURATIONS 



TransisiLOrs - whether uni -j unction o? bipolar --can 
replace tubes i'n many • applications . They are operated in 

ses A through C. Transistors can' be configured in three 
as it way Sv, as can tubes. Table 3 compares the configura- 
*of tubes and transistor's. 




TABLE 3. TUBES COMPARED WITH TRANSISTORS 



Tubes 


Transistors A 


Bipolar ^ 




/IGFET 


» 

Common Cathode 


'Common * ■ 
• ^Emitter 


Common 
Source " 


^ Common 
Source 


Common GrAd 


Common 
Base'. 


- ComBpn 
.Gate 


Common t 
• Gate 


.Common Plate **< 
- * 


Common 
Collector 


Common > 
Drain 


Common 
Drain 


• 


4 


> 

> 


Cm 
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Figure 27 shows examples of bipolar and JFET tran- 
sistor configurations for Cl^ss A stages. Because IGFETs 
are coAfdgured the same, these device/' are' excluded from . 
the examples* Only NPN bipolar and 'N-channlr unipolar de- 
vices are shown. In ^11 cases, the supply voltages are 



reversed if PNP or P-ch.annel devices are used. 
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Figure 27. Class A Stages 
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FET SAFETY PRECAUTIONS ' 

1 IGFETs are very sensitive v to static electricity that is 

Ns^nitted from the body. Caution ijiust be taken not to touch 
the leads while handling these devices. When shorting clips 
v are 'found on leads, they" should not be removed until the de- 
vice is installed and soldered in place, 

JFETs and *deplet ion-mode IGFETs can-never have the gate 
'made positive compared to, the source. It is<important to 
'check manufacturer's data for maximum ratings to assure, that 
voltages and currents remain within safe limits for' all appl 
cation^ 
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EXERCISES 



'I-. Describe why a-potent ial -difference formed* 

at the junction of a PN diode that has no external ■ ^ 

voltages applied. * _ ^ 

2. Explain how to distinguish the difference between volt- ' . 

age and^ power transistors,. . v * 

3. Explain why reversing a standard diode will cause a 

short circuit in many applications. ( - * 

4. Using Table 1 as a reference, draw three Class A common 
^ emitter stages interconnected, showing the input and 

output resistances for each. 'Are these stage rests- 
y\ tances matched? *** 

\ $ \ 5. Compare the characteristics of bipolar and unipolar 

f transistors for the following: - j 

a. - Junctions . fc 1 _ 

* ' * ' - 

( , b.*' Resistance of input to tfutput . 



I 



LABORATORY MATERIALS 



Laboratory 1 - ** % - 

VTVM or FET meter with leads.. , 
Oscilloscope ^triggered). 

20 volt d.c. power supply (regulated preferred). 
~ Sine -wave generator (1J0OO f kHz)\ 
Breadboard: * * 
*\ Hookup wire. 

1-NP$ ^transistor % (TO-92 package). / " • % * ' ; • 

l-100kQ 1/2 watt potentiometer. * v ' \ _ 

lrl'kfl 1/2 watt potentiometer. . > " ' 

3* 1 ( 30-35 microfarad tantalum- fixed capacitor. -J ' -* - ^ 




•ED-03/Page 37 . • 
.ERIC 122 . • •» 



f 



9 

•ERIC 



/ 



1 - lKf2 1/2 watt fixed-carbon resistor. 

1 - 4,5-5.0 left 1/2 watt fixedrcarbon resistor 

1 - I0.kft 1/2*, watt fixed-carbon resistor. 

1 - 56kft 1/2 watt fixed-carbon resistor. 



Laboratory 2 * * - 

1 - ohmmeter with leads. . •. 

Components required : 

1 - TO-92 package bipolar trans'i.stor (voltage).^ 

1 - T0-3,or Tfy-66- package (power). 



LABORATORY PROCEDURES 



LABORATORY 1. BIPOLAR COMMON 1 EMITTER TRANSISTOR 
CLASS A AMPLIFIER. ' 



This experiment demonstrates the operation of a common 
emitter amplifier. The student is shown how-to bias a bi- 
m polar transistor for a Class A operation. Voltage gain is 
calculated with ail input sinusoidal waveform. The f importance 
of an emitter bypass capacitor is Emphasized and the results 
of increased output load are shown.* 

1. Construct the diagram shown in Figure 28 on a breadboard 
IMPORTANT: Do ijot turn on the power supply until the 
instructor has checked the 'wiring and confirmed^ that it 
is safe . ' • ' i ** 

2. Prewarm the voltmeter and oscilloscope for at least 
5 minutes before using them. 

3. * Before turning the power supply ON/ adjust the voltage 
* control* to zero volt's. * 
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% SINE WAVE 30 - 35 »E 
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Figure 28". • NPN Transistor Circuit. 
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7, 
8. 
9'. 
10 

11 



Attach the (+) lead pf the voltmeter to the collector. 
Atta'ch the (-) JLead of the voltmeter to (- neg) or 
ground. 

Attach the (+ pos) lead of the power supply to the top 
of R„. Attach the (- -negX lead of the p.ower supply to 
ground. ' 

With the m^ter' connected as in Step 4, adjust the power 
supply vgA-iTage control -stTlO V d.c. is read on the 
meter. Make sure the meter is set on the proper func- 
tion and ^ange/ 

Adjust the sine wave generator to 1kHz. 
.Adjust Ri fully clockwise. ; 
Adjust R 2 fully clockwise. 

Connect the oscilloscope to output, as shown in Fig- 
ure 2 8.' K 
Using the triggered oscilloscope, measure the P-P wave- 
form voltage and record the result in Data Table 1(B). 
(Make certain the scope is properly calibrated before 
using.) Plot the waveform on graph- 1(B) below Data jf 
Table '1(B). 
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12. Reduce the input signal by turning* R2 counterclockwise 
1/2 of the full rot-ation of the control. 

13. Enter P-P 'waveform voltages in Data Table 1(A) and the 
output waveform cm graph 1(A). 



DISCUSSION 1: . 

Steps 1-13 show stage gain for" two different settings 
of input signal. To determine approximate gain, divide 



'out 




Enter the result in Step 16a, 



14, 
.15, 



Turn the.. power supply- OFF. 

Add a 30^55 uF capacitor^ across R 3 (C 3 ). "Repeat steps 
1-13. Plade the results in Data Table 1(C) and graph 
1(C) for the input and output signal voltages and wave- 
forms. I 



DISCUSSION 2: 








Calculate stage 


gain 


with C 3 


in place, using Data 


Table 1(C) and graph 


ICC) 


Enter 


the results in. Step 16b . ' 



16 



Stage gain calculated, showing effects of C3 



A = 



-out 



A = 



-out 



in 

a. without C3 



L in 
b. .with C 3 



Note: Re-adjust R 2 ' to fully clockwise position before 



continuing . 
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17. Adjust Ri (output load) to 1/2 full clockwise and re- 
cord oscilloscope results in Data Tjable. 1(D) and. graph' 

KB). * 

18. Adjust^ Ri (output load) to fully^cT&ckwise and' record 

4 oscilloscope results .in Data Table 1(E) and graph 1(E). 

19. What effect does, an increased output load have on the 
following: 1 

a. Input signal . 

b. Output signal . 

20. —Whltt* causes these results? 

LABORATORY 2. TESTING BIPOLAR TRANSISTORS AND 
IDENTIFYING PNP TO NPN TRANSISTORS. 

In this; experiment , the student learns the testing 
procedure (using a multi-meter) for NPN and PNP bipolar tran- 
sistors. 'An o'hmmeter is used to test ►the bipolar transis- ' 
tors. v Two ranges are usually used: RxlO for low resistances 
and Rxlmft for high resistances. 

1* First, test the TO-92 package transistdr. The lead 
identification piust be determined for the transistor 
before proceeding. 'With assistance from the instructor, 
look 'up* the TO-92 lead diagram in a transistor data 'book. 
Depending upon the «transistcy: chosen, it could be a NPN 
or PNP.* The lead arrangement-will not change from one 
TO-92 £ype to ,the other. 'The package style determines 
the lead arrangement. If; further data- is needed beyond ^ 
this laj) concerning the transistor, prefer to a manufac- 
turers characteristic manual. b 
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2. . Use Table 1 of the text to determine trarisistor type, 

fill in Data; Table 2_after testing the transistor with 
the ohmmeter. (Refer to text for testing procedures 
if necessary,) a / 

3. Now,, test the TO-3 or T0 : 66 packaged transistor. Fol- 
lowing Figure ^, locate the leads E, B and C*. Connect 
the meter and. test the transistor (according to the 
procedures given in the text of this module).* Place 
the measurements in Data Table 2, 



: \ 
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DATA TABLES „ 



DAT^ TABLE 1 



BIPOLAR COMMON EMITTER TRANSISTOR 
CLASS A AMPLIFIER. 





Input 


Output 


tabl£^?(A) 


P-P Voltage ' 


P-P Voltage " 


Step 13^ 




t 

r 


R 2 1/2 clockwise 








1 


• 




1 






Waveform 


Waveform 




9 




•2 






< 

V 

*> 








ov 


U V 


_ v. 


• 

V 




C 


< 

\ — / 






rH 










1 s 


Cu 


* 


• 


a 














* 
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Data Table 1. Continued. 



V 


* „ , Input 


Output 


TABLE 1(B) 


P-P Voltage 


P-P Voltage * 


■ Step 11 






I\2 IUliy IIUIKWIDC 




♦ 


4 


Waveform 


Waveform 


* * 


ov 


« 


( 

V 

t 


4 


ov x 




* 

• 

rH 






Grapl 




•* 

• 

* 

c 








1 — f 





r 



9 

"IF" 
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Data Table 1. Continued. 



A 



TABLE 1(C) 

Step 15" 
R? 2 1/2 clockwise 



Input 
P-P Voltage 



Waveform 



ov* 



Output 
P-P Voltage 



Waveform 



ov 
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Data Table 1. Continued, 



% . 


Input 


Output 


TABLE 1(D) 

Step 15 
R 2 fully 'clockwise 


P^P Voltage ' 

> 


P-P Voltag'e 

P , « - 

9 


S3* 

o & 

9 


• * Waveform 


Waveform 
• 




ov 


* 

ov % 






0 

{ 


* 

i 

♦ 


* « 

• 


* 

• 

- 




• . * 

• * * 


> 






* * 
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,Data Table 1. Continued. 





Input 


Output • . 


TABLE 1(D) . 
. StQp-17 - 
,R 2 l/2~ clockwise 


P-P Voltage^. 
# 


P-P Voltage. 
* 




1 ' 




) 






• 


Waveform 


Waveform 


f 


* 


> 


* 


' ov . 


ov 








Q 

rH 

Q* 
rt 

H 

o 

* . * 




• 

* 

* 

t • * 
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Data Table 1. Continued, 



TABLE 1(E) 

Step 18 
R 2 fully clocfy/Ise^ 



\ 



/ 



s 



Input 



P-P Voltage 



Waveform 



ov 



3 



Qutput 



P-P Voltage 



Waveform 



ov 
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DATA TABLE 2. TESTING BIPOLAR TRANSISTORS 





NPN 


pnp 




m Forward 
Resistance 


Reverse 
Resistance 


* Forward 
Resistance 


Reverse 
Resistance 


I.' TO-92 
♦ 




> 

> 


> 




2-. TO -3 
or 
TO- 6 6 

• 




» 
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TEST 



1. Name' four advantages and two disadvantages of bipolar 
transistors over tubes. * 



2, '/State the proper number of valence ring^electrons in 
the following: . • 

a, P-material. ! - 

(1) Silicon % . 

(2) Impurity.^ ' 

b. N- mate rial/ 5 ^ 

(1) Silicon . 

(2) Impurity ' . 

3- How mai\y 'forward .biased junctions arewthere in a PNP 
• * (operating Class A) transistor? ' * - w 

f > 



\ 
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4. When testing a bipolar transistor,, -s^ate the proper 
resistance (high or low) for the following: 

0 METER" 



X 



0 METER 




a . 
."6. 
c." 



S. How many j unct iQns ^does an enhancement" mode IGFET have? 



6./ Whit happens when the gate af a -depletion' mode P-channel 
IGFET is made positive? ■ - 



Froto all information given, which of the following 
should be able to operate with lower voltages? 

a. " JPET :> ; • - 

b. IGFET . .- 
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INTRODUCTION 



Major advancements have been made in solid-stTate 
devices. Micro-miniature electronic components formed on 
a small "chip" create a -small, neat package capable of per- 
forming the job that many separate discrete components once^ 
perforifreth < Although integrated^c^c^jts (LC ? s) cannot re- 
place all discrete applications, tfrey^re xapidly narrowing 
the gap. This module co v'ers \bas ic -theory and stage appli- 
cation of analog IC ? s. * 

PREREQUISITES 

- ■ 

The student should have completed one year of- algebra 
and should also- be familiar with the concepts of ..direct 

v . 4 . 1 , _ 

current and alternating current electronics. 

OBJECTIVES 



Upon completion of this module, the student should.be 
able to : 

1. .State the advantages and disadvantages of IC's. * 

2. Discuss the capabilities of bipolar and MOSFET IG's 
and the limitations of each. 

3. .Name the different IC construction styles used and the 

applications for §£ch. \ I 

4. Name knd define the three stages in an operational 
amplifier. 

5. State the use of an open- loop "op" amp and indicate 
. whether it us*es feedback. 

6. Determine the output shape, amplitude., and phase of an 
inverted J ! op" amp compared to input. 

V v .. .. 

' , ' ED-04/Page 1 



7. Determine the output shape, amplitude, and phase of a 
noninverted M oj^ M amp. , v 

8. State whether the operi- or closed-loop M op M amp repro- 
duces without distortion . 



■ 13!) 
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SUBJECT MATTER 



THE IMPACT OF INTEGRATED CIRCUITS 



True miniaturization has been* achieved with'the intro- 
duction o£ IC ? s. Great strides have'been made to improve. 
IC chips so that they continue to make inrpads intof the 
world of electronics. .Both advantages and disadvantages 
accompany the 'production and use of these devices. 



ADVANTAGES 



The fc r s 'major advantage is the size of >the device and 
the space required for circuit* implementation. /These devices 



are now so small that they' are no longer significant in the 
size of the equipment of which they are a part. 

Construction of IC's makes them durable and reliable. 
The aerospace -industry used IC's expensively in outer space 
applications.- This use indicates longevity, since IC ? s are 
required to/be in operation for many years. iMany systems 
also- employ complex circuits that are expected to operate 
without failure under adverse conditions. * 

Because of their size and construction, most IC's re 
quire little power to operate. As a result, less energy is 
used. ■ . 
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DISADVANTAGES 



As with transistors, IC's are sensitive to heat and 
high voltages. Most IC's can operate in relatively warm 
'environments; however, temperatures' must be farxlower than 
the temperatures of vacuum tubes. IC's operate . at N .voltages 
belQjv 50 yolts, with m9St voltages below 20 volts. Because 
of low voltages, low currents flow through IC f s. The end 
result is a". low power output, with most IC's operating with 
an output -power of 1 watt or less. 

If an IC fails, it must be replaced; it cartnot be re- 
paired. All IC f s are enclosed in a hermetically sealed 
package. It is useless to attempt to take this package 
apart; the circuit inside is so small that repair is impos-* 
sible. . Because of cost and reliability, replacement of IC f s 
is^^eoiiomical and pose.s no problem. 



TYPES OF lC f s 



, -As with transistors, tjoth bipolar and meta'l oxide semi- 
conductor (MOS) IC f s have been created. While the elec- 
tronic theory is the same for constructing discrete devices 
and IC f s,'the method of creating individual components inside 
the chip is different from parallel approaches for discrete 
devices. Construction methods for bipolar and MOS devices 
will now be discussed. •% 

V 
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BIPOLAR IC's ' 

•Bipolar IC's and discrete circuits use similar compo- 
nents. 'Figure 1 shows a bipolar IC incorporating a common 
emitter transistor ^stage. 



\ 



a. Circuit Diagram 



1o 



\ 




vw- 



-o3 



\ 



CAPACITOR DIODE 
ALUMINUM OR / 
GOLD / 
I METALIZATION / 
RUM / 

I I 



b. Side View 



TRANSISTOR RESISTOR 
SILICON 
OXIDE FILM 
(INSULATING 
LAYER ) 

\ 




TRANSISTOR 



c. Top View 



METALIZATION 
CAPACITOR PltM 



3 



11 



DIODE 



TERMINAL 



N, 



P-TYPE SUBSTRATA p 



TERMINAL 



Figure 1. Bipolar Construction, 

It, is easy to construct transistors inside IC's. More 
difficulty is realized in forming capacitors and. small re- 
sistors*, where if either is of a .large value or voltage, it 
is excluded from being placed inside, t Moreover, trans- 
formers are not a part of internal components. 
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MOS ICS . • 

Insulated gate field-effect transistors (FETs) are also 
incorporated in MOS IC's. The construction here is similar 
to the construction for discrete • IGMOSFETS (insulated gate 
metaJLoxide semiconductor field-effect transistors) . These 
devices are combined with capacitors and resistors, as were 
bipolar IC f s. Figure 2 shows how an IGMOSFET is formed in 
the IC. 



SILICON OXIDE 

FILM 
( INSULATING 
LAYER) 



DIFFUSED 
SOURCE 
REGION 



SOURCE 
TERMINAL 



GATE DRAIN 
TERMINAL TERMINAL 




OIFBJSED 
DRAIN 
REGION 



INDUCED - 
CHANNEL 



Figure 2. Part of an IGMOSFET IC, 



One advantage with MOS technology is that a MOSFET can 
be formed in a Smaller space than a bipolar transistor. 
This is one of many reasons for the IC's popularity. 
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OTHER STYLE IC's 



Thick Film 



Whether bipolar or* MOS IC construction is used, these 
devices -can be formed in layers much like one story of a 
house placed (and insulated) on top of the other.' Different 
components are arbitrarily placed in different layers. When 
multri^y^r construction 'is empl~oye~d~ the device— rs cat±ed 



thick-film IC, as compared to thin-film IC f s. More compo- 
nents can obviously be placed in the. device, but more heat 
will be internally generated as a result, % ^ 



Hyb ri d IC's 

Hybrid IC's are created by combining various' combina- 
tions of layers, and'possibly discrete components, in one 
package. A variety of packages, depending upon need, can t 
be produced. Figure 3' shows an example of a hybrid IC. 

The hybrid device may have an IC within an IC, as shown 
in Figure 3. The monolithic IC shoVn is constructed similar 
£a a standard bipolar transistor. individual devices are 
interconnected by flat wires much like that used on printed, 
circuit boards in electronic equipment . 
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INPUT/ OUTPUT 
TERMINALS "1 



MONOUTHJC 1C 



THICK-FILM 
RESISTOR 



INSULATING 
SUBSTRATE 




DISCRETE 
CAPACITOR 



•CONDUCTORS 



APPLICATIONS OF ANALOG ICs 



A- 



ER?C 



ICs are used. in Uvo specific categories of electronics 
In almost all cases, ICs can replace transistor^ stages that 
exist in ajialog circuits. These packages are smaller anU 
* capable of almost as much power output as the* discrete -de- 
vices. The second category is digital circuits. Develop- 
ments during the past 15 to 20 years have p.roc^uced a multi- 
tude of .digital -IC chips*.- 

Analog ICs will be discussed in this module. Digital 
ICS will b'e covered in a later module. It is important to * 
note , however-,* that digital electronics use is broader than 
analog us.e in the application of ICs 
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In analog electronics, IC ? s are usually used in ampli- 
fiers and oscillators^, with use in amplifiers most common. 
This use has been realized in consumer products, particularly 
those used for entertainment. Television monitors and sound 
equipment utilize many of these devices/. These examples 
incorporate several sVages inside one chip, such tha*t an • 
entire section of a system has perhaps 8 or_J.O stages, Iji 
-these cases',% chips arfe-specialized, ratheifcafchan universal, . 



Eafh manufacturer develops a version to enHlnCe originality 

i — — * — , «* 

and product security." Several of these are .listed: 

• Intermediate frequency amplifier. 

• Souird amplifier (including detection) ^ 
• • Color processors. ^ 



Preamplifiers. <; 



Automatic gain chip's 



These chips can be purchased from manufacturers with relative 
,ease. More, data can be obtained from manufacturer " data books 
prbducfefi b)jr Motorola , RCA, Texas Instruments, Sprague, General 
iilectric, and .other's . : * 

^ This module yfii\ caver* yniversal analog chips that can s 
be incorporated in different circuitsS|o accomplish specific 
jobs,. Operation- amplifiers is one^ example. • Students will 
perform a laboratory ^exera^e at the end of this unit that 
further/displays characteristics of the "op 11 amp. 



v 
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OPERATIONAL AMPLIFIER 



In the analog world, most amplifiers reproduce all or 
part of the signal placed on their inputs. The operational 
amplifier device can amplify either d.c. or a.c. signals, 
and provides a substantial gain from input to* output if 
desired. This gain can be controlled so^tl^a* it can be 
ze,ro or several thousand: External circuitry is added to 

♦ control and provide the desired gain for each application 
of the device. , . 

Figure 4 shows a typical, M op M amp and the different 
packages in which it is enclosed. Figure .4a shows the dia- 
gram internally, whiTe Figure 4b ^hows the" symbol found on ^ 
a system diagram. Figure 4.c ; shows an IC package in which 

" two IC f s can be "arranged, while Figures 4d and ^4e have one ^ 
IC' The- IC package can be circular or c rectangular , depend^^ 
ing upon the manufacturer. ■ 
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Figure 4. Operational Amplifier Diagram, 
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In most applications , -maximum amplifying a ; bilAty o£ 
the !, op ,! amp is ffiot used. One advantage in doing/this is 
that stage stability is increased as a result/ Stability 
reflects its ability to accurately reproduce ,/thQ' input sig- 
nal at its output, " , / I 

Note that this IC has two inputs and ode output. Each 

I J . * 

input will be discussed and' the general operation explained. 

Figure/ 5 shows the basic internaL/sta/ges of an opera- 
tional amplifier. / / 



INVERTING 
INPUT 




OUTPUT 


OUTPUT 
^ C 


AMPLIFIER 





* NONINVERTINQ 
INPUT 



Figure 5. Operational Amplifier. 
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Stage 1 - Differential Amplifier . 

This stage pr6vides three advantages for good 
reproduction: noise rejection, high inpul^resistdnce , 
and wide frequency response, * ^ 

' Any signal can be accompanied by noise that comes 
either from external environmental sources or internal 
qircuits. Either noise reaching the amplifier output, 
^ofYerPa speaker, creates distortion, ^HTr.eject this 
unwanted noise, tiyo inputs are provided on the differ- 
ential amplifier. Within the first few stages of the * 
differential amplifier, the noise is canceled, leaving 
the desired signal. Unfortunately, not all nois ; es are 
cancelable. However, the differential amplifier does 
provide rejection for common mode noise. Hum in the 
speaker is one noise in this category, \ 

THte .differential amplifier provides high input 
resistance to incoming signals applied*. This assures * 
that the ,! op M amp will not be a low resistance load 
on previous circuits that, as a, result, increase system 
stability and energy drain. Because*'the voltage ampli- 
fier follows ,_.the differential amplifier also* provides 
a high resistance output, 

^ w Most differential amplifier stages are 'd. c cou- 
pled to the second stage, providing a- frequency response 
from 0 Hz to ma^ny megahertz. 
Stage 2 - Voltage Amplifier , . 

The voltage amplifier is a high gain stage - 
typically as high as 250,000, While this is a. very, 
good characteristic, instability can* occur in fetf<£H^ 
amplification levels. Thus, mcfet ^pplica'tipfis use * 
only part' of this amplification. Almost ml signal 
voltage increase i % s accomplished in this /stage,, Aga,in, 



frequency response maintained because d.c. coupling 
is used'- in the v6l&£ge amplifier 'and the..dif fQf ei>tial 
amp^ifier^ f^r a review of cUc. coupling, refer to 
Modules ED-01, ED-02, and ED-03. ■ _ 

Stage 3- - Output Amplifier . ' 

The major purpose of this stage is^ to provide a 
-low-'output resistance so the "op," amp, .can drive (with. , 
a reasonable current flow) stages that follow. In <$-ome 
applications, this IC chip may drive another amplifier 

•4 

> bf sorae-kind that provides power to an output load'-such 

,as_a speaker, .In other cases \ the IC chip may provide 

a signal to drive a display. * 



POWER SUPPLY REQUIREMENTS 

N t This IC uses both positive and negative power supplies 
-feo-^rl-1'ow-.-a..wide.r signaX^sjving^i^ih^ output .._-Most opera- 
tional amplifiers use voltages ranging f rom *5 to 20, volts. 
The IC has pins to accommodate both pow^r supplies, with \ 
ground being the common reference for the positive and nega- 
tive sources. V- 

c ; • • • 

CHIP USE ' - 



Figure •6- shows basic connections of the device. Al-^/ 
though the, 'hookup looks simple, *th"e device m&y- be used in 
sevejral ways.* The different modes fcre o-penrloop opei'ation^ 
and, x closed-loop" operation ^in^erting and. noninv'erting con- 
figuration). 
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INPUTS/ 
0-£ 



cc 

Q ' 




'EE- 



OUTPUT 



Figure 6. Operational Amplifier 

Basic Connections. • ^ 



J 



Open - loop operation . 

When the "op" amp is used in this arrangement , 

all device gain is utilized. Most applications do not 

use this type of connection, however. When used with 

an pp'en loop, no signal is fed from the output back to 

the input. . The^ result is a saturated amplifier in^ 

either the positive or negative direction. figure 7 

illustrates input and output of this device. Notice 

particularly the shape change from input to output. 

j S ' , - I z 
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0 VOLTS 




<? POS 
♦ 10V 



A 
INPUT 



1V 
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♦ 10V 



2NO 
ALTER- 
ATION 




Figure 1 : Simple . Comparator (open loop).. 
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When used ; in the open- loop arrangement,' the only 
practical circuit ^i^called a comparatpr. When the 
sine wave •on £he inputg^s positive, the- output is 
driven immediately negative , ^equal to the value of the 
negative power supply. When the sine wave returns back 
to zero after completing the first alternation, the 

\>utput allfo^ returns Vo zero'. Since the second input 
alternation" is" negative, the output'goes immediately* 
positive, remaining there until the input sine wave 
returns to zero. It. is obvious that the sinevwave is . 
altered in this amplifier, since /the 'output is a square 
wave. If a sine wave is required at output, the stage* 
gain must be f reduqed. # This ds accomplished by provid- 
ing feedback to the' input ao£ is called a clo£6c£ loop 
arrangement .... . 
Closed - loop operation . ^ j ■ ^ 

To assured, that input is duplicated in shape at • 
output / the 'output signal 'is reduced in amplitude and 
fed back to input. Feedback determines "op M amp gain. 
Much signal feedback to input reduces gain; whereas, 
little signa^ feedback increases gain. Too much* signal 

'feedback creates distortion (change in shape) in input 
and output signal. , 

The closed-loop operation can be accomplished in 
two ways: the inverting and noninyerting configuration 

'When inverting mo^de is used,' vthe signal at the input 

'will be phase inverted (180°)lin output. Of course, 
noninverting provides a honshifcfted input at output 
signaj* In either case, output sd'gnal amplitude is 
coiitrollecL^by the amount of feedback allowed. 
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Figure 8 shows the inverting configuration. Fig- 
ure 9 describes noninverting configuration. The ^in^ ' 
verting ? mode is the most popular of the two and is 
practical. . ' • 

Figure 8 shows feedback placed on the top input, 

^ called the inventing input . Resistors Ri and* R 2 are 

chosen to provide voltage divisiofK-for the amount of 

signal, voltage feedback reqyired for the particular 

application. Changing the values of Ri and R 2 changes 

the amount of feedback required. The ra*tio of Ri/R 2 

. determines feedback voltage.^ If K x =» R 2 , the gain of 

ttie amplifier , will be zer^;'" Input and output ampli- 

\ > 
tudes will be the same. Increasing the' resistance of. 

Rx (compared tcj. R 2 ) will increase gain, because less 

Voltage is fed iback. 



W\ 1 

pin 2 +10V 




Figure 8. 



Inverting iMode with Feedback, 



Output signal will be 180° out of phase a wi-ttv the 
input signal for the inverting mode shown in Figure 8. 

Figure* 9 shows the input signal applied to the 
noninverting input , with feedback fed to th^ inverting 
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input. This mode provides a noninverted output, signal 

with its atmplitude . controlled by the feedback on Pin 2 

«• » * 

(Notice the input and output signals.) 




Figure 9. Noninverting Mode with Feedbte^k. 

f 

The gain of either, the inverting or noninverting 
amplifiers can be calculated. The proper calculations 
are # shown here with the inverting mode shownx^fjlrst . 



gam 



inverting 
noninverting 



An example of each calculation may provide further 
understanding . 



r. 
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EXAMPLES OF CALCULATIONS: 






Inverting » 






Rj = 10 Kn 






R 2 " = 1 Kfi 






Input signal— 0.1 V 






Calculation 






Ri 10 'KQ _ in 






Input Output 






0.1 V x 10 - 1 V 


> 




Noninverting 






RT= 10 Kft . 






R 2 = 1 Kft 




1 


\ - Input = 0.1 V 


► 




Calculation 




*• 


R x - 10 Kfi = ' 
. . RT 1 Kfl 11 






Input • Output 






0.1 V'x 11 = ii v ^ ' 
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Frequency response can also be calculated for an "op 11 
amp. This is the range of frequencies that can be 
passed by the amplifier. The formula is as follows: 



bandwidth - ga * n Z bandwidth product 



EXAMPLE OF CALCULATION: 

Say the 'gain^-bandwidth product is 1 MHz. Using 
the gain for the previous/calculation shown for an 
inverting . amplif ier^'it' is the following^ 



Calculation 



bandwi'dth = gain - bandwidth product 
J • w gam 

. , . J % "MHz ' 



^'fl^yOOO Hz 

'- --fry ' , * 



The same calqiilaHpH wofrkfs 'for the noninverting ampli- 
fier, as long jas 'tire proper gain is selfected from the , 
gain ^calculation done on the preceding pages \ 



PRACTICAL OPERAtf^^^^MPL-t-FIER USES 

"Op" amps ' ire/ rf- most useful IC. An "op 11 amp can re- 
place many of the discrete component uses, and often does a 
better job. Several- uses are^active filters, summing adders, 
and difference amplsi fibers . 
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Active filters . 

(If a review of filters is necessary, return to 
appropriate materials.) Because of the fast rate at 
which an "op" amp can change, it is an ideal device 
for frequency filters. An "op" amp classed as an active 
device can be used to amplify a changing input signal in 
.accommodating a wide range of frequencies. The filter 
po rtion must exist in discrete component-s--ou-tsi-d^-tjae 
chip. However, because -the "op 11 amp can react to" the 
drop in amplitude as the filter pass response falls off, 
the chip makes the fall-off quicker and sharper. Figure 
10 .illustrates three different graphs for low pass, 
high pass, and band pass filters, respectively (in A, B, 
and C); showing the rapid fall-off response.- 



m 
a 

a. 
2 
< 




a 
3 

CL , 

2 



Ui 

a 

CL 
< 



1 



CENTER 
FREQUENCY 




FREQUENCY 



FREQUENCY- 



FREQUENCY 



a. Low Pass 



b. High Pass 



c. Band Pass 



. , \ : — : 

Figure 10. Low Pass, High. Pass, and Band Pass 
Filters wjjth£ Fall -Off Response. 

"Op" amp circuits used-tt) perform these filter circuits 
in Fig'u're 10 are shown %n Figure 11. In low and high 
pass filter$, the filter is placed in , the input lead; 
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a* Low Pass Filter 




b. High Pass Filter 






i — m — i 


— V\A/ ; 






-c - 


-C ** - 




















• 






A 












L ■ 




OUTPUT 



c Bandpass Filter 



* Figure 11. "Op" Amp Circuits Used to Perform 
Filter Circuits Shown in Figure 10. 
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A 



whereas, the band pass filter is located in the feed- 
back loop and affects the amplitude and frequency of 
the feedback voltage. 

Considerable gain is obtained at frequencies 
passed to output with a high attenuat ion^at a-11 other 
frequencies, such that they are blocked from reaching' 
the output. j 

Summing Adders, . ' . 



In some applications , many voltages must bt added 
to|ether to obtain net voltage value. These voltages 
can be either d.c. or a.c, and are fed to ths "ope 11 
amp via input resistors. Figure 12 is one example of 
a summing or adder circuit. 




OUTPUT 24V 



10V 



•Figur 



3-Input Analog Adder Amplifier.' 



* This "circuit is especially usefbl in tallying the ' 
rtsult^of several inputs (not limited to "3) , If the « * 
designer wishes one input^to be weighted heavier than 
another, input resistors R2 , R3, and Ri* can be ratioed 
to obtain the desired^esults . Figure 13 is an- example 
In this circuit, Ei provides 6 V, whereas E 2 and E 3 . 
rovide 3 volts and 1 1/2 volts, respectively. 
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j 




Figure 13. 3:Input Analog Scaler Adder Amplifier. 



These circuits are usSd to convert back and forth 

V 

between analog and y digital signals. N 
Differential amplifiers * r 

Some electronic applications require comparing 
two signals and subtracting the two A for a net differ- 
ence. One such case is the AFC circuit used" in elec- 
tronic receivers. An example "of a basic difference 



f 



amplifier is' shown in Figure 14. 




1V OUTPUT 

Q 



r vv: — | 

Figure 14. 'Difference Amplifier. 
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In this application, only two voltages can be 
compared, if more voltages are to be compared, input 
must have either a summer or subtractor circuit pre- . 
ceding R 2 and R 3 . Any number of uses impossible- — S 
according to the desired design. Figure AS shows an 
example of a summer circuit preceding the difference 
inputs. ^ ° 

*A1 




Figure 15. Difference Ajnp witn Adder Input 




This cixcuit, like others, can be arranged to fit 
any requirement. - In Figures. 14 and IS, Ri and R 2 with. 
R 3 " and R* are difference inputs, with \ and R fei and 
R* and % R k "Serving as the adder portion of the circuit 
* Although only surface theory and practical levei 
ave been cliscussed, this material .provides awareness 
of circuits in* use.' Later modules will show uses in a 
system application. . i 
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EXERCISES 



I ~ 1 
State a p>robable reason for integrated circuits ifemaojv 

Ivi? '. vv ~* 

ing in the field of electronics .„ * * 

Give two advantages tutyes have- over IC's. 



State the major advantages IC f s present to energy con- 



servation. 
Draw a circuit 
the following 

the main devic, 

/ 

/ 
/ 

(Summing) Gj/ou 



(Summing ^roup B) 




''provides the difference between' 
at output. Use an "op" amp as 




to 

difference 
CRT 



LABORATORY MATERIALS 



1 triggered 10 MHz /oscilloscope (dual trace i*f possrble) . 

1 d.c.-a.c. ohms multimeter with leads. . • 

1 positive 10-vol/t 'd.c. power supply. ^ 

1 negative . 10 -vo/Lt d.c. power s.upply. 

1 sine -wa^e generator (^udio) 

1 breadboard. 
Connecting wii/e. 

1 741C operational amplifier, 
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2 lQ^TCn 1/2 watt 5% resistors. 
1-Kft 1/2 watt 5% resistors. 

1/2, watt potentiometer. _ . 

.0-uFd capacitor 25 WV d.c. (electrolytic). 
2 0022-pFd capa-citor 25 WV d.c. (non-electrolytic) 

/ 



LABORATORY PROCEDURES 



A 



LABORATORY 



1. COMPARATOR. 



This lab gives a practical look at the' "op r amp ex- 
plained in this module. Equipment and parts required can 
be found in most inventories. 

PROCEDURE ' 

< 

1. Construct the circuit (shown in Figure 16 .below) for 
a comparator. 



SINE-WAVE/^ 
GENERATOR K^J 



POS 
-10V 




VERTICAL INPUT 





ure 1*6 . -Comparator, 
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2. Set the sine-wave generator for 1 KHz (frequency). 
With the oscillosco pe ^ flowing a trace., adjust the si\pej 
wave generator arffiplitu^re control so an acceptable trace 
(square wave) i^vj^rlole on the screen. Increase the 

/ generator output only enough t^o provide a good ampli- 
. tu4e on the sxope for viewing. < 

3. ' In the graph in' Data Table, 1, draw the inputTand output 
— waveform (two—cycles for bo thj^ ^noting _thatL_ the inp*ut 

is a sine wave; wfrereas , the output is a square wave.^ 
Notipe that the ou'tput ; is distorted or changed compared 
to the input, a* characteristic of the comparator. 



1 



LABORATORY * 2 . INVERTING AMPLIFIER (WITH FEEDBACK). 
PROCEDURE 



SME-WAVE 
GENERATOR 



ERJC 




VERTICAL 
- INPUT 
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2 . Ad j us t sine -wave generator to 1 KHZ .• « 

3. Adjust' the ..potentiometer so fhere'is. 0.3 vQlts Peak- 
Peak at Pin 2 of the "op" amp (use the oscilloscope-, 
vertical input- connected to Pin 2 and the -oscilloscope 
ground to the circuit ground) . < 

4. With the oscilloscopes attached to Pin 6 (vertical 
'input:' of scope to Pin 6), -measirre the P-P a.c. wave- . 
form. (Scope ground must be connected ; to c'irfcuit 
ground.) * 

5. Adjust th'e potentiometer for the following input' -.volt- 
age steps and measure at Pin 6 with the scope.- 

> ' a. 1 V. 
■b. 3 V. 

c. 5 V. ' > \ . 

r > 

d. 7 v. 

e. 9 V. 

In Data, Table 2, plot the inp^t and output voltages 
for the ^nput voltages shown in Step 5. (A dual trace 
scopa works best, in that input and output can be seen 
at the same^time.) 



LABORATORY ,5. * NONINVERTING AMPLIFIER. 

PROCEDURE " ' /' • 

\ ' ' ; 

i. ^Construct the circuit for /the nonijiverting amplifier 

shown in Figure 18. , 



eric 



2- < Adjust^the sine-wave generator* frequenc/Ttrr i % KHz and 
an'output of 0.2* volts. (Ose the oscilloscope to mea- 
sure Pin 3 volVage ,for 0 . 2',.vjolts . Scope vertical in- 
put to Pin 3;- scope ground to circuit ground.) 

5 . c N 
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SINE-WAVE (Oi 
GENERATOR U 




Figure 18. Noninverting Amplifier, 

4 

With the oscilloscope, measure the P-P voltage at the 
output Pin 6. (Scope vertical input to Pin 6; scope 
ground to circuit ground.) 

Adjust the potentiometer for the following input. volt- 
age steps and measure at Pins ' 2 and 6 with the* scope. 
Plot input and output waves in Data Table 3. 1 (A dual 
trace scope works best, in that input and output can 
be seen at the same time.) . ' 

a. 1 V. "' e • . 

b. - 3 .V. ' • * ~ - . ' : • " '* 

c. 5 V. * V ' 

d. . 7 V. 

e. 9 V. : ' ♦ » 
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PROCEDURE 



LABORATORY 4 . . LOW PASS FILTER. 



Construct tfre circuit shown in Figure 19 



SINE-WAVE i 
GENERATOR 




.OQ2Z 



6 -lov 



i 



' Figure 19. Nonin-verting Low Pass Filter, 



"Set the sine-wave generator to 1 KHz. Set the sine- 
wave generator output level and the 1 Kft potentiometer 

°so tPin 6 is precisely 4.0 V -P-P on the oscilloscope. 
Plot -this P.-P' value on the left-hand side of the graph 
in "Data -Table 4 (Step 1). 

Adjust the s ine -wave ' generator to 1.5 KHz through 25 . 
KHz. in 0.5 KHz increments and plot each output measured 
(Pin t>) on the graph,. Example: 

*1.S KHz - Plot above Step 2 
t_ ,2.0 KHz - Plot above Step 5 
20 KHz - Plot above 'Step .11 
(Notice the reduced J-P value for each frequency as 
frequency rises.) $ 



Reference Data 
Table 4. 



9 
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LABORATORY. 5. HIGH PASS FILTER. 



PROCEDURE 



1. Construct the circuit in Figure 20. 



SINE-WAVE 
GENERATOR 




Figure 20. 



Circuit 



2. Set the sine-Wave generator to 25 KHz and the output 
Voltage "of the generator to precisely. 4 . 0 volts P-P 

(measured at Pin 6 with th$ oscilloscope) . 

3. Plot tfyis 4.0 voltage* „value on the righ,t edge of the 
graph in Data Table ^ 

4. Change the £requ&icy of the .generator (not the output 
voltage level) in 0.5 KHz increments 'and plot each 

, £rom right to left on tjve graph in Data Table 5. 
Notice that as frequency decreases, the voltage at 
Pin 6 'also decreases. 
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DATA TABLES 



DATA TABLE 1. COMPARATOR. 



< 

Ui 
0» 

O 

< 

Ui 
0. 



o 

UJ 



/ 



4,5V 
4,0V 
3.5V 
3.0V 
2.5V 
2.0V 
1.5V 
1.0V 
0.5V 



2kHz 



10kHz 



20 kHz 



1. 2 3 4 5 6 7 8 9 10 11 12 13 
FREQUENCY 



/ 
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DATA- TABLE 2.. INVERTING AMPLIFIER (WITH FEEDBACK) 



4 ♦ 


Input 
Pin 2 voltage (P-P) 


Output 
*Pin 6 voltage (P-P) 


1 


V 






3 


V 


•v 


t 


5 


V 




• 


7 


V 


t 

1 




9 


V 


4 
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DATA TABLE 3. NON INVERTING AMP1IFIER. 





Input 

Pin 3 voltage (P^PJ 


fhitmit 

t 

Pin 6 voltage (P-P) 


1 


V 




V ■ 


3 


V 




* 


5 


V 


- 


* 


* 7 


V 


* 




9 


V 




> 




DATA TABLE 4. LOW PA&S, FILTER. 



4.5V 
4.0V 
3.5V 



~ 3.0V 

t 2.5V 
O 

< 

Om 

~ 1.5V 



2.0V 



S 1 



0V 



asv 



2kHz 



10kHz 



20kHz 



1 2 3 4 5 6 7 8 9 10 11. 12 13 
FREQUENCY 



r 



' ED-04/Page 35 



9 

ERIC 



DATA TABLE 5.' -HIGH PASS FILTER., 





4,5V 




4,0V 




a.sv 




3,0V 






< 




UJ 

OL 


2.5V 


o 










2.0V 


< 






a 






1.5V 










0 
m 


1.0V 




0.5V 



2KHz 



10kHx 



.20kHz 



1 2 3 4 5 6 7 3 9 10 11 12 13 
FREQUENCY 



REFERENCES 



Heathkit Learning Publications. Electronic Circuits . 1st 
ed. Benton Harbor, MI: Hea&h Company, 1978. 

Heathkit Learning Publications.. Semiconductor Devices , 
lst'ed. Benton Harbor, MI: HeatK Company, 1978. 

Moloney; Timothy J. Industrial Solid-State Electronics 



Devices^ and Systems 
Hall, 1979. 



Englewood Cliffs, N J : Prentice 
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TEST 



3. 



Which of the following is not an advantage of IC's a-s 
compared to discrete devices? 

a. \ Low operating voltages. 

* 

b. # Small in size. 

c. Sensitive to heat. 

d. Low voltage operation. 

An advantage of the ^differential amplifier is that... 

a. it is easy to remove components in it. 

b. it has common -mode rejection ability. 

c. • it can amplify d.c. signals. 

d. it can amplify a.c. signals. ' t ; 
Which of the 'circuits listed uses n£> feedback? 

a. Low pass' filter ("op" amp). 

b. High pass filter ("op" amp). 

c. Comparator ("op 11 amp). 

d. Inverted input, ("op" amp) . 

Refer to Figure 21. What is* the voltage at the inverted 
input (-terminal) ? 



- a. 



+ 5 V. 



b. -10 V. 

c. 0 ,V. ' 

d. -5 V. 

e. None of the above. 



5. What kind of amplifier is shown in Figure 21? 

a. Comparator. 

b. Summing "op" amp. 

c. Inverted input "op" amp. 

• ' d. Noninverted input "op" amp. 



\ 



* 



0 
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Figure 21. Figure for Questions 4 and S. . 

In what sequence are the three sections of an ff op M amp 
(differential amplifier, output amplifier, voltage 
amplifier)? 



Where the power output requirement is above 1 watt,- -- 
ff op ff amps must be used, Ar 
a. True, 
b • False . 

Which of the following practical circuits can be used 
to reproduce a signal without distortion? 
a . 

Summing • 
Differential 
Ii%erted input M op f 



Comparator. \ 



amp, 

Noninverted input "op" amp, 
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I 

9. 



10. 



Which' of the following inverts the* output compared to 
the input? 

a % Comparator M op ff amp . ^ 
Inverted input ' "op M «amp . 
^NoninveVted input ,f op M amp. 
Differential "op" amp. ^ * ■ 

Figure 22, which statements (below) are correct? 

a . 
b. 
c . 

positive 



c . 



When E iny and E noninv '=.5 volts, each E Q = 0 volts, 



■ * is a sine wave, E is a sine wave 
inv 7 o 

When E;„„ is more positive than E ?10ninv , E Q is 



If the input E 
: inv 



(El) 
INPUT 
GENERATOR 




Figure 22. Operational Amplifier 
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ENERGY TECHNOLOGY 
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ELECTRONIC DEVICES AND SYSTEMS 
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INTRODUCTION 



Indicators and displays are used universally to give . 
people Information, Indicators and, displays are fhcorporated 
in electronic equipment to give ' information about conditions 
within a system or stage, WhXp not % all of these devices are-v 
^nnounfred externally, most are visible to persons using the 

equipn)Jt*t. Some indicators must be viewed frequently; others \ 
may be viewed only occasionally. Indicators can provide only 
* two pieces of information: ON or OFF, Displays can pro- 
vide more information. * 

This module covers incandescent and neon l^mps and . 
several light-emitting devices t;hat are currently available.^ 
The last part of the module covers a special device called . 
*an optical coupler, which incorporates light-emitting diodes 
fLEDs) used to transmit information from one stage to another 
and provides electrical isolation. » . " ~ , 



/ 



PREREQUISITES 



The student should have WJmpleted one year jjf algebra 
and should also be familiar with the congepts,of direct 



current and /alternating current electronics 



L 



OBJECTIVES 



7 



u/on completion of this module., the student should' be 
able /to : * 
1 . / Name three factors by which incandescent lamps aire rated. 
27 Describe how a neon lamp operates and indicate why resis- 
tors are "wired in series with these devices • 



\ 
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Describe the operation of both single and clustered 

LEDs and draw the accompanying circuit component. 

State 'the difference between "reflect ive and transmissive 

lcds. ; r • *' 

Describ^ the circuit of an optical couplpf" and state the 

.Advantages of this coupling method over eariler approaches 
used for interfacing . 



I 

1 



J 
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SUBJECT MATTER 



JNCANDESCENT LAMPS, 



Lamps are used' to provide indication o£ a condition of 4 
the equipment to which -they are attached.* Lamps are two- 
state devices ^(ON or OFF) , and they represent only two condi- 
tions. It is rare to find lamps used .to provide more than 
two states; however, it is- not impossible. Light levels Qan . 
be differentiated under ceYta # in conditions, but it is diffi- 
cult for the unaided human e^e to distinguish ljLght leyel ■ - 
differences . 

'The above discussion about* lamps^ assumes an indicator 
application. While lamps may also be used to provide light 
illuminatigp , this is not the^purpose in electronic^ applica- 
tions. However, since heat is a byproduct, lamps are^soitfe- % 
times used as a constant or changing heat source. This mod- 
ule will discuss lamps when used as indicators. i 

Incandescent lamps are usuMly rated by amperes, voltaga, 

and wattage. This inf o.rmat ipn fs important when .choosing a 

♦ 

proper lamp . ■ f 

A lamp has three elements: , a filament, a 'base, and a 
•glass cover. Depending- upon^ the materials; used to x construct 
'*the light producing jfijljament,,. the lamp.may withstand a- pre- 
determined curreift?* value. : The amount o£**current flowing is 
dependent* upon the voltage applied and .the resistance of,, . 
the lamp, ► 4 ^ » - 1 

Lamps are produced with specif ic • uses in mind; fo.r exam- 
pie,* a '6-volt lamp is normally operated,- at 6 voltX* Rests- * 
tance constructed info the filament provides; opposition to 
current. flow as it is moved by the power source. .When these 
conditions^re met, the lamp provides a p^e- intended brii--^ 
"liance. Applying l#$sj or -more, voltage- causes brightness to 



D 
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decrease or increase^ . As the filament he#ts or cools, its 
resistance changes. Therefore, the, rated voltage 1 an£ current 
Values provide a given brilliance only when the lamp is oper- 
ated as suggested by the manufacturer. Highe.r , voltages cause 
more current to flow, thus reducing lamp life. ,v ' 

Laptops are also identified by their connecting base. 
Base type is determined by physical requirements *and size 
limitations, as well as vibt*»tion parameters . Base types in- 
clude the threaded base, the#twist lock base, the snap-in 
base, and the wire lead base. The most^ common bases are the 
threaded and the twist lock styles. Figure 1 shows examples 
of each. Figures la, % lb, and lc all -require lajnp sockets or 
holders, whereas. Figure Id solddrs into the circuit. 



VACUUM 



I LAMENT. 




CONNECBNG 
WIRES 
SOLDERED 
Tp CKT. 



a. Threaded Base 



b. Twist Lock Base 

Figure 1. Lamp Styles 



c. Snap-In Base 



d. Wire' Lead Base 



-Bulb ratings are not always -stamped on the device. *A 
manufacturer's ident if ication> number is usually provided some- 
where on either the glass or metal 'part of the. lamp. To de- 1 
tetmine the lamp ratings, manufacture data must be referenced*. 
** I While vibration is* not usually ^a major case of prematN^e : 
failure; frequently turning the lamp on and off is. If # an , 
application requires continued, or frequent ON-OFF states, neon 

. bihLEO tamps are suggested. °0£ course ,* voltage and current 

x .-«f - - " '..•■>.■ 

v 'r,e'|fui<rgHirant - s mtfst be" met whichever lamp is -used. 
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NEON LAMPS 



* Rather ;than >a filament,- a neon lamp -h&s 'two *ele'ctrod'es - 
►placed parallel ln3g.de the Lamp. ^ During manufacturing, the 

acuum inside the gla^s i*S filled with neon „gas . Wheji a suf- 
fitient difference -is applie^d t<x its electrodes, the neon gas 
ionizes and glows* Figure * 2 ^hows the structure of the neon 
device. i*. ' r . : **i . 



SEALED GLASS 




ionized gas 
Electrodes 



Figure 2. Structure; of the Neon Device^ 

AH neon lamps have • a voltage at/which they will ionize v . ' 
Design dictates what the-Voltage will be; for ionizing. -Figure 
3 shows the firing and cutting* off relationships for thi-s de- 
vice . ' ~ . *■ • 

Notice that it 'takes, a high^r^Vqltage -to fire the lamp* - ' 
than to\rn it off. GSs has' a tendency to r remairi ionized 
until voltage is 1 r/duBed sufficiently to turn it off* 

It is impossible to remove all oxygen -from /the glass en-< # 
closure when, the neon is manufactured. When the. neon gas* ion- 
ises, it burns at a very- slow* rate . Howe/fcr,, evenjtual fail- . 
ure is 'inevitable . This further advocates" op.erat&ng the nfeon 
with only enough voltage to cause it to fire. Higher voltage 
increases brilliance - but aLso produces'' hotter burning. f 
V/hi^e a neon lamp produces a brighter light with higher volt- 
age, it fs n.at recommended * — ^even for a short period qf time. 



ED-05/Page 5 



182 



tu 
o 
< 

o 
>. 



LAMP CUTS OFF 




Figure 3% 



ON-OFF Characteristics 



1 Because the firing voltage is low, most neons are con-, 
nected in*- a series with a. resistor. The resistor allows only 
the ^proper voltage tcf be applied to the lamp. Without -this 
reVistor, immediate permanent damage may occur. Therefore, 
each lamp ^used should comply with this requirement. 

Most neon lamps are stamped with a manufacturer 1 s* part** 
-number. If the firing voltage must be known, manufacturer's* 
data must be referenced^ £o determine this value. . . 



« ♦ . , * 

' • LIGHT-EMITTING .DIQDES (LEDs) 

LEDs are small, inexpensive, low-voltage lamps \vith a 
''long operating life. Recent technology has made use of this 
device in $he digital* a'nd computer wQrld. LEDs firing volt- 
age is typically lowe.r* than that of. neon lamps, L'ight output 
is about the same-.-, * 



lS3 ' 



While incandescent and neon lamps can vary in light out-' 
put; neither is acceptable in the digital computer, because 
response time to changing input voltages is slow. 
. - Howev^jh, with the development of the solid-state durable 
LED, the problem was solved. LEDs respond so fast they can 
be used to transfer rapidly-changVng information to a re- 
ceiving^device -with little or no distortion. 

The .light-emitting, diode is, like solid-sta:te dio'des, a 
P-N junction diode. When, a forward bias voltage of the right 
value is applied, holes are forced to combine'with available 
electrons. This combining action produces energy called a 
photon. The human eye detects the light energy product pro- 
duced as a result of .recombining . \ 

Different colors' of light may be produced. However, 
once a diode is manufactured, the device will have only one 

color. Thus if red is required, , 
a red LED must be purchased. 
Green and yellow LEDs are also 
wire available. The color is deter- 
^ 'mined by the material used to 

manufacture it. Figure* 4 "sho^s i 
the^ structure of^a<LED. 

While these devices have 
many ^advantages ^ they can be 
d^fhaged permanently by applying 
too much voltage or qurfent. 
Most; operate Jj>e£ween 1.2 volts 
and 1.6vplt's. Once the device 
cortdtfcts, the resistance of the 
' junction remains essentially con- 
- stant'and *very< low. Ho'Wever, the 
forward current, increases a§ 
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Figure* 4. LElH 
Construction. 



ED-0**5/Page 7 



184 



6 * - ' 

v - ' * . . ' 

' ' i • 1- it* 

' * . . * ' • <*" 

' V , . . ' *• ' 

applied voltage is increased, figure 5 shows the relationship 
between y&%tdL^$ and current of the LED. Figure';^ shows how 
current ^x^kt through the device chang*6^- With .a small varia- 
tion in ft^ward voltage.* ' * 

• \>t^ * ' ^ * 
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. Figure 5. Voltage-Current Relationship. 

V* # J £ a* changing brightness is required, input "voltage is 
varied. The forward current is : changed from zero milliamperes 
to about 50 milliamperes.. This current change causes a linear 
change in output- brightness (if measured with_ a li^ht-sensi- 
ti've meter, ry?t the human eye).- Figure 6 shows the output 
from a changing .current . 0 ' : * * v 
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LED USES 



LED-s can.be used as indicators or transmitting devices. 
Almost all uses require placing a resistor in a series with 
the LED. This is because the forward operating current must 
-be limite'd to a safe value in order to' present damage- * Fig- 
ure J shows how this done. % ' ^ * 
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forward 



Fdgure 7. BED Circuit 
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The value of R . can be determined by the following 
series - , ' 



formula 



T77~7~7TT7 



R 

series A forward (max) 



n 5 V - 1.6 , Q . e 

R . = — n nrn — = 68 ohms 
series 0.050 



I 



LEDs may be used individually as an ON-OFF device or 
as segmented display. 



ON-(5£F LED 



One etf&mple of an ON-OFF LED is a flashing trouble indi- 
cator. In this case, the output light is a prefixed ON-OFF I 
condition flashing at a preset rate* While the* light output 



is not considered bright, there is' sufficient output so that 

I 



the device can be us6d in a dimly lit environment 



SEGMENT DISPLAY LEDs 



Multiple single LEDs- may be confined to form specific 
shapes such as^numbers .or letters. Figure 8 fhows ah example 
of a segment display capable of displaying 0, 1, 2, >, 4, 5, 
6, 7, 8, or 9 and_some letters such as capital A, C, small b 
and d. 0 *' ^ 
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SEGMENTS 



DP= DECIMAL POINT 



Figure 8. 0-9 Display. 

* - 

Each segment may be turned ON or "OFF as~required to form 



the desired number or letter. This display has 8 LEDs with 
a rectangular* shape , and the decimal point, which is usually 
round. If the letter 8, for example, is -requ^red^ to be lit, 
then all segments- (with or^without the decimal point] would 
be lit. / .4 

Electrically, there are two types of 7-segmen,t LED dis- 

y 4- 

plays, as shown in Figure 9. The difference is in how the 
LED display is connected to the power source.,. 

Figure 9a shows ground placed on the lejidg- of the seg- ' - 
n\ents that must^ turn on. In -number 7, a, b,.and e leads must 
be ' gVounded/l [Refer to Figure 8 for segment position.) 



Figure 9b indicates that +5 volts is applied to 'thPe * ' 
proper lead to turn on a segment. • V 

IT IS IMPORTANT TO, NOTE, HOWEVER,* THAT A -RESIStOR MUST 
BE PLACED IN SERIES WITH THE LEADS FOR EITHER THE COMtfON^ ^ 
CATHODE OK COMMON ANODE DISPLAY TO LIMIT CURRENT THROUGH tHE 
LBDs. While +5 volts was chosen, any voltage within ^reaso'n' 
could be used-- providing the ' right> value series resisto.r 
was used." -** . 
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Figure 9.. - Two Types of 7-Segment 
* LEE$Displays . < 



one 



oait*>btft used with a .]jfl»ht- receiving device, 

Pt-ifa^&is'tor , t'o? create autoptical goupler. When 

* ^ - 

r "-~~ another, 



ON-OFF 'c^j^rUmust #be el^-c't,f i^ali^Lsolated from 
s approach-satisfies fhe requirement - while still 



pro- 



"v^rvfdabng a • transmission of .«re ON-OFF stated from one st^age to 



i jt^e^next. Figure 10 shox^ the optical coupler. The, trans-. 
a% minting Circuit is on tfie left; tl>e *receiying circuit is on 



i 



.CcrV 



„ 4 k 





TRANSMITTER 



SEALED TUBE 



RECEIVER 





LEO 
SYMBOL 



fc PHOTO 
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Figure 10. Optical Coupler, 



Either the LED and phototransistor are physically scaled 
in opposite ends of a short tubular structure or they are 
..close together so* tlie ambient light will not yitferfere with 
the operation of \ the coi|plef. ■ . x , 

When the LED is ON, light rays' are transmitte4 to the 
phototransistor, causing the pfyototransistors T resistance to" 
decrease to a lqw^^lue.^ On the top of the. phototransistor , 
is a window alI$foEng*these light rays tjb reach the' internal 
active. ^ie1nenfe^^>suining the ^phototransistor acts as a v switch, 
current ^M%J^I^^ '.in the receiver circuit . load, thus/ turning 
ON when'^p^tilD light rays shine oh the phbtOtrans\stor sur- 
dce^ii; /' V % ' ' }^ \°" 

*Har : ' electrical 'connection exists between the transmitter 

% . . • - • * - % • - 

and receivei^yet the Oft-OFF conditions are transferred. This- 
circuit is: often Implemented" wherel^high vbjtages exist in one 
circuit , arid loif Voltages' exist in another in order to provide 
iso^atioH between the two. This circuit is also used when 
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electrical noise exists in a preceding circuit, Hqwever, 
this circuit cannot be used as^-a* noise isolator while trans- 
ferring the ON- or OFF condition, * . / 



/ 



LIQUID -CRYSTAL DISPLAYS (LCDs) 



v 



Much like LED displays, LCDs are* designed in' s^/en 



segments with a decimal point'. The majof tadyantag/ LCDs 




as compared to LED*s is that 4 they 'consume much Uess^p owe r , 
typically -in the form of microwatts- 

The construction of these devices is* considerately dif - " 
ferent f rom . the *LEDs . ^ LCD stands for liquid/crystal display. 
.This device Is. like a liquid orystal ma£eri'&l that flows muck . 
like fc a 'liquid but also possesses- the v prop/rties of a solid. 
- " An LCD depends on an internal or external light source;* . 
foj viewing purposes. , Most often, a reflect ivqsunface is 
placed' behind the crystal to reflect light (ref lective-type : ) 
back towards the viewer through the digit displayed (like a 
mirror action) . , J 

For iifstance, if' the device, is to display -the digit 8 
terminals, 2 through S would be enetfgized, ' causing* - a frosting 
appearance only in those areas of 2 thro ugh 8 segments., -Fig- 
ure 11 describes this -action. 

A "positive voltage would be. applied to Pins 2 through 8 , 
and the negative side to the iow£r oxide layer. Only those 
segments with voltage applied, will frost. . Other areas will 

Femaln clear. ' ^ • - 

LCDs operate at low voltages. Larger displays may re- 

qijplre as much as .15-20' volts-, - with small watch displays as - 1 
-low as ^1-2 volts, ..These devices' are .rugged but have' operating 
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' "V ft 



4* 



light source 
{incident light) 




VIEWER. 



OXIDE LAYER 



0- (NEGATIVE . 
VOLTAGE) 



REFLECTOR 



Figure 11 .^Reflect iye LQfl. 

... r ( 

temperature limitations from around 0°C to ,60 °£. Hov:ever, 
the. operating life i? at least 15,000 hours or greater .^wfth 
current ^requiremenrs^treing much lowei; than* LEDs^ . , / 

" Tr#nsmissive* LCDs' Qre^j>so available, but will not be 
discussed iji this module.. THe.fliajor difference between tranS,- 
missive and previously discussed reflective LEDs is that the - 
former has no mirrof^or reflective surfaced The l;ght_§ource , 
mpst be placed on, the back of the device -and # shiiie througji 
'the 'LCD toward* the viewer/. as shown in Figure ^2. , ( 

/ - Greater depth^of study oh LED and LCD devices is beyond 
•the* scapje' of this course. * -\ ' 0 < " • »\ ' • * 

LEDs and~L-CDs are designed ta produce light only* ^\ 



by-product, these 



'While all light sources produce 'hkat 

devices do 'not provide any significant hea£^ They ^re', there- t 

'fore , -'useful 'in and aroupd low heat applications/, > - '? 

• ■ . ■ - ■ x . ■ <. 
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EXERCISES 

1. " State the advantages of neon lamps, over incandescent 

lajnps-. m ' ' - / 

2. State the advantages of LED indicators over^ incandescent 
and neon lamps. 

3. State the main disadvantage of LED indicators over in- 
candescent* lamps , 

4. Describe how a LED display can be made from individual 
LED indicators. 7 ' , 

5- Name the chief advantage of LCD displays over LED dis- 
plays. x • 

6- Name the chief disadvantage of LCD displays over LED . 
displays. 
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LABORATORY MATERIALS 



D.C. voltmeter with leads. 
1 re* LED. 

1 iOOO-obm 1/2 watt SVresistor. 
1 10 00- ohm 4/ 2 watt potentiometer. 
1 20-V.d.c. power supply @ 200- mA. 

LABORATORY PROCEDURES 



In this experiment, the student will observe the opera- 
tion .of. a red LED, observing current; voltage, and series 
resistor requirements. 

1. Build the dircuit shown in Figure 13, being careful to 
* properly^onnect the LED" cathode and anodrf, * 



^3 



15VOC 







v i 








1kQ < 






f 










Pot < 














1. 


' 4 









* 2 

1000 O ' 

■vWW 

FIXED v 



®UED 



* Figure 13, 



LED Circuit.* 



2. 



3 . 



WithTpower OFF, t^urn the potentiometer Ry fully counter 
clockwise . 4 t 
Turn power supply ON and adjust so that about 15 volts 
is read -across Ri (from Pin 3 to Pin 1 of Ri). 
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4. Adjust potentiometer slowly clockwise watching LED for 

bri-lliance. Turn potentiometer until LED lights. (Once 
set, do no't adjust.) iMeasure and record voltage across 
LED and resistor R 2 ") . x » 

5* Using the proper ohms law formula, calculate the current 
through R 2 (measuring R 2 with an ohmmeter ~is advisable) . 

6. Adjust Ri potentiometer to the following steps and record 
the current through R 2 for each step* Place the answers 
in Table 4 1. The answers for current will reflect the 
following steps mentioned above, as shown in Table 1 
below. - 



TABLE 1 * LED - Current - Voltage Measurements. , - 


£2 or LED Current (mi lliamperes) 














LED Voltage Drop 


0.2 V 


0.'4 V 


0.8 V 


1.2 t V 


1.6 V 


2.0 V 



.Plot the results of Table 1 on the graph in the Data 
Table. " . 
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DATA TABLE 



DATA TABLE 
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TEST 



By what three factors are incandescent latops rated? 
a. ■ 



c . 



•, Resistors must be placed in series with- a neon lamp to..y 

a. reduce the voltage applied to the lamp. 

b. reduce the current applied to the lamp. 

c. Both a and b. . 

d. Neither a or b. 

Resistors mi^st be placed- in series with a LED indicator 



to 
a. 
b. 
c . 
d. 



^reduce the voltage applied to the lamp, 
reduce the current applied to the lamp. 
Both a and b. • 
Neither a or-'b. . 
4. When the anode of an LED is common to 'all other LEDs 
*" in an display, the voltage applied to the cathodes 
mus't be . . . 

a. more positive. 

b. more negative. 

c. equal T ' 
di None of the above.' 

5r Reflective LCDs require an internal light source. — 

a. 4 True. . » 

b. False. 

6\ , Transmis^ive ^LCD s require an external light source, 
a. True. 
• b. False. 
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The major drawback of LC^displays is that ... 

a. they require high voltages -for operation. ; 

b. . they are ext^eme^ly fragile. 

c. tfiey have temperature limitations, 

d. None of the above. 

The optical coupler. is used to... 

a. assure elec-trical coupling only between stages. 

b. reduce output voltage and current. 

c. ^isolate one circuit electrically from the other, 

d. None of the above. ' ■ 
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INTRODUCTION 



, This mpdirl^ will introduce basic stages and .devices that 
make up the majority of digital circuitry. The devices' 
operation theory is discussed, but electron theory is deleted. 
. An understanding of/stage operation is Operative "to appre- 
^ ciating the function of such devices. Particular attention 
^hould be given to mathematical operation. 



PREREQUISITES 



The student should have completed one year of .algebra 
and should also be familiar with the concepts of -direct 
current and alternating current electronics. 



OBJECTIVES 



Upon completion of this. module, the student should 
be- ab le to : 

Discuss how AND gates operate . 
.Discuss how OR- gates operate. 
Disquss how inverters operate; 

Compare NAND and NOR gates-**to AND and OR gates.' 



1 

? 
3 
.4 

5- 



Read truth tables for AND, OR, inverter, NAND , and 

' . ' " «* 

NOR gates. 

Discuss latch flip-flop operation.. 

Discuss D flip-flop operation. _ >( 

Discuss JK flip-flop operation. 

Read truth tab.les. for' latch^ D, and JK flip-flops. 



N 
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SUBJECT MATTER 



DIGITAL, TECHNIQUES 



•Modules ED -til - ED-06 of Electronic Devices and. Systems 
have dealt primarily with analog electronic theory". Analog 
.•refers to Electronic circuits that have a continuous signal. 
Figure 1 demonstrates' this kind o£ signal. An analog signal 
.changes its value gradually at varying rates, but does not 
change instantaneously from^one value to another. 



SINGULAR 
SINE WAVE 



MORE COMPLEX WAVE 




Figure 1. Analog Signal's. 

An example of "an instantaneously-changing signal js 
shown in Figure 2. This- signal ^ype is usually called digital 
Figure 2 shows, the' "signal 'changing instantly from one value 
to another. The signal is in one of two- states, low or 
high.. As long' as these two values" maintain the same individ- 
ual levels and have the. same relationship in value to. each 
other, this is calledla bistate signal. The term "binary" ' 
,»is also used to represent a bistate signal. This term, 
derived "from the "bi 11 of bistate,. infers two signal spates. 1 
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Figure !2.* Instantaneous Change pligital) . 



Digital signals are a string of HiGH-LOW voltage values 

that change in -discrete steps. Usually the HIGH -.LOW voltage 

levels' are pre-chosen values established by. design and re- , 

main these values throughout a given pfiece of equipment. . 

Any electronic equipment containing purely-' dig j,tal valuers 

is digital or pulse . equipment-. The digital signal will 

* • . * 

be discusse'd throughout this ^module and will be called -a 

'A* » 

digital or bin-ar^ 'signal . 

Most -contemporary 'digital equipment - including com- 
puters - uses digital signals. A basic understanding of 
the^devices used\in such equiptne,nt> (and the purpose of each 
device) -is important to understanding\dig.ital electronics. 



v • PRIMARY BINARY LOGIC DEVICES 

s 

• ♦ • > — 

Each stage -within a digital system mus|' be ^ble t to 
'accept and pass a* bistate signal. The transistor -is the 
primary device* used for. this function. • ' 

In analog ^circuits , a transistor operates as OfcF, 'LOW^ 
conduction, MEDIUM conduction, or HIGH conduction. A digital 
circuit only requires an OFF or ON state 



This simplifies 
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the circuit required in^digital equipment. A digital stage" 
acts like 1 a light switch, capable of being either OFF or ON, 

* » 

* 

- * BASIC LOGIC FUNCTIONS 

Digital electronic equipment circuits perform only 
one or two general functions; decision-making or memory. 
Both accept digital or binary inputs and., produce digital 
or-binary outputs. * , v 

} 

DECISION-MAKING „ 



Decision-making circuits* make decisions basfed on two 
or more inputs. The electronic device used for decision- 
making is called a gate. A gate is a device that has "two 
or more input leads. The 'gate receives, one digital signal 
on each lead; and ctsually has one output lead that- produces 
an output signal resulting from the states of the ihputs. % 
Figure 3 shows* the basic gate symbol with input and output 
leads . 





* GATE 
♦ 


* 

= 




INPUTS 








OUTPUTS 



Figure 3. Block Diagram, Gate Symbol. » 
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This symbol represents^any decision-making stage. Gates 
always have two or more inputs. 

Two basic decision -making Circuits have been developed 
to perform decision tasks. \jie^e_ar^ the AND and OR gates. 

AND Gate 

AIL inputs to the AND gate..must be -the sam'e to produce * 
an output. Positive logic will be used to demonstrate AND 
gate operation. In positive' logic, input can be -HIGH or 
LOW. HIGH input is stated as logic 1. LOW input is stated 
as logic 0. Actually, these two states are voltages placed 
on each* input that represent the desired state. - Five volts 
and zero volts are most common, and will be used to describe 
AND gate operation. Figure 4 shows ( the proper circuit dia- ^ 
gram symbol and demonstrates AND gate logical operatioif. / 

» 

> 



OUTPUT C t- 



t 

Figure 4. AND Gate. 

* • .For the AND gate to have a HIGH (or logic 1) output, 
both .inputs A and JJ must also have a HIGH (or logic 1) out-, 
put. This means th^£, if 5 volts - represent HIGH (or logic 

, inputs A - as well as B - must have 5 volts applied. 
All other combinations possible for inputs A and B .will 
not result in a HIGH (or logic 1) output. 

205 • ■ » 
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The input conditions and output results are ' summarized 
on a chart called - the truth table, which gives all input 
conditions and lists what will result at the outputs. t Fig- 
ure 5 shows a truth table for the AND, gate shown in Figure 4 



INPUTS ' 


OUTPUT 


A * 


"B ; 


C 




0 


0 (LOW) 


f 


.1 


0 (LOW) 




0" 


0 (LOW) 


1 


^* 


^ 1 (HIGH) V 



0 f LOW 

1 = HJGH 



Figure 5. Truth Table 



■ This table shows that dutput is HIGH only when input 
is HIGH.' Even when one input is^HIGH, the output is still 
LOW. When both inputs , are LOW, the output is LOW. A* tro^th 
table can also be written- with the inputs and output shown 
as voltages. Figure 6 illustrates 'how this is done. 



INPUTS - 


OUTPUT 


A 


B 


C 


0V. 


OV 


; ov^ 


OV 


5V 


\ OV 




OV 


, OV 


5V 


5V 


5V 



, , Figure 6.' Voltage Truth table (AND 'Gate). 

/ 

•Again, this table shows that both inputs/must be HIGH 
for a HIGH output to occur.. Output is 5— volts when both 
inputs are 5 volts". Al]^ other ,input\ conditions will result 
in 0 volts at output. , . 
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y AND gates are manufactured with different numbers of 
inputs. Two-input, 4-input, 6- input, and 8-jnput AND 
gates* are common. Circuit design determines how many are 
used. • 

Because AND gates are. sealed in an opaque plastic case 
it is not practical to look at the actual circuitry used 
*to* create the AND .function. The manufactured case has as 
4 many as four separate AND gates enclosed. Leads for the 
inputs and outputs are brought out of the case - as well 
as- the connections to which operating voltages are applied. 
Figure 7 shows a four, or quad, AND gate chip package. 



TOP VIEW 




Figure 7. Pin Connections for 7400 IC. 

The 5 volts connected to pin 14 are applied to operate 
* transistors inside the gates - the 5' volts are not applied 
to the iVrputs for a HIGH condition. Likewise, the ground 
applied to pin 7 is necessary for operation of gate -tran- 
sistars. The ground is not to be construed as the 0 volts 
needed for the input LOW condition. Separate input signals 
are applied to the inputs to provide input states. 
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A modification of the AND gate is the NAND gate. The 
AND gate is converted to NAND gate by changing the output 
to the opposite state* This is achieved by placing an in- 
verter on the output of the AND gate. An inverter is a 
sealed plastic case transistor stage that will change a 
HIGH (or 5 volt-s) to a LOW (or 0 volts) , or vice versa/ 
Figure 8 shows the inverter symbol. 



5V IN 




0 VOLTS OUT 



Figure 8. Inverter symbol. 



Figure, 8 clearly shows the transition -from a HIGH 
input to a LOW output. Inverters do not make decisions. ■ ' 
Inverters simply cojnvert input to the opposite output. 

-The NAND gate symbol with inputs and outputs is shown 
in Figure 9.) Figure. "J^B* shows an expanded view that includes 
the inverter. 

AND gate and NAND gate truth tables are- similar. Fig- 
ure 10a shows tlie truth liable for an AND gate with inv 
The output of the AND gate is the input o£ the inverter; 
the inverter output is the final output of the NAND gate. 
Therefore, the truth tables'" of both may be combined, as 
shown in Figure 10b, because the NAND gate is a negative 
output AND gate. Also, NAND. gate output is always opposite 
AND gate output, because of the action of the inverter attached 
to the AND gate output. 

\ 
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f* NAND Gate Symbol 

INPUTS 



A 

B 




OUTPUT 



INVERTER SYMBOL 



NAND GATE SYMBOL 



tx Expanded View 

A H 



INPUTS 



B 




AND 



INVERTER 



OUTPUT 



Figure 9. NAND Gate Symbol Expanded. 



■ AND Gate 
Truth* Table 



Input v 



A 


B 


C 


0 


0 


0 


0 


1 ' 


0 


1 


0 


0 


1 ' 


1 


* 1 



Output 



Inverter 
Truth Table 



Input 



-> 0 



0 



0 



1 



Output 



a .Truth Table for AND Gate, witirtnverter 



b .Combined 
Truth Table 







NAND Gate 








Inverter 


Inverter 


A 


B 


Input 


Output 


. 0 


0 


0 


1 


0 


1 


0 


1 


*1 


0 


0 


1 


1 


1 


1 


0 



Figure 10. NAND Gate Truth Table 
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OR Gate 



Somewhat .similar to an AND gate is the OR gate. OR 
gates also have multiple inputs and a single output. Like 
AND gates, OR gates are encapsulated in plastic chips , with 
up to, four gates in each chip. The major difference be-, 
tween the two types of. gates is in the logic operations 

♦ they perform. ^ 

A' truth table can best describe the OR gate. Figure 
11 shows the OR gate symbol and the corresponding truth 

* table. 



INPUTS- 



. B 




OUTPUT" 



Inputs 


1 Output 


A 


B 


' C 


o 


0 


0 


0 


1 


1 


a 


-¥- 


1 






1 



Figure- 11. OR Gate Symbol and Truth Table. 

* * ' - ' ' < 

When either OR, gate .input is HIGH, output is HIGHf 
'it does not matter which input is HIGH, the result is a 
HIGH output. As in the AND gate, OR gate 'output will be', 
LOW when bath inputs 'are LOW - and HIGH when both inputs 
are HIGH. 

f By placing an inverter at the output of the OR^gate, 
a negative output OR gate is created. Figure 12 describes 
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this newly-created gate , called a NOR gate, 



auNOR Gate Symbol 



INPUTS 




OUTPUT 



INVERTER 
SYMBOL 



b.'NOR Gate Symbol Expanded 



INPUTS 




OR 



INVERTER 



OUTPUT 



OR Gate 



0 
0 
1. 
1 



B 



0 
1' 
0 
1 



0 

'1 
i 
l 



Inverter 



Input 



0 

-*» 1 
1 
1 



Output 



Combined Truth 


Table 






Inverter 


Inverter 


a' 


B 


Input 


Output 


0 


0 


0 


1 


0 


1 


1 


» 

0 


1 


0 


1 ' -. 


0 


1 


1 




0 



Figure 12. "NOR Gate Symbol and' Tru£h Table. 

/ ' ' ' 

The output of the OR gate it the input of the invferter; 
the inverter output is inverted, compared to its input. 
All NOR gate '-outputs are opposite 'from OR gate outputs. 
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GATE APPLICATION 

When gates are combined, the- resulting circuits can 
petform a variety of logic operations. One use of such 
gates is shown in Figure 13. 




cr 
o 



Figure 13. Burglar Alarm. 

When switches are closed, output from the AND gates ' 
is binary- 1. When NAND gate output remains LOW "(0) , no 
alarm will sound. ' .If any door or window is open, one of 
the NAND gate inputs witl be LOW. This causes the HAND 
gate output to be >HIGH, which sounds the alarm. Other ap- 
plications will, bj discussed in Module *ED-08, '.'Digital 

Systems*" ^ 

\ i 
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MEMORY 



All gate operations' discussed so^far in this module 
have been decision-making operations. Gates' can also be 
used 'to s-tore binary conditions or data.*, Sush circuits 
are called flip-flops and registers. Flip-flops are binary- 
storing, memory-retaining circuits that incorporate several 
g^ftes £o perform ;such a task. Registers are # multiple flip- 
flops used to s;tore more than one^ie v ce^of binary informa- 
tion, Each flip-flop stores 'and retains one piece of binary 
data ks one of several flip-flopsj. * The net. result from 
multiple flip-flops is a binary word of some<size." A binary 
word is several bits of binary information. 

Most memory stages are made up of one of three differ- 
ent types of flip-flops: the .lsftch flip-flop, .the D flip; 
flop, and the JK flip-flop;* 4 ". Each of th?se 'devices- will m 
be 'explained in their order of difficulty'. A group of flip- 
flops of given types can be arranged to create m£>re complex 
circuits. TheSe circuits will be discussed in Module" ED- 08 , 
Digital Systems/' \ - • ' * 
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he Latchr Flip-Flop 



The latch .flip-flop* is often called an^RS flip-flop. 
Jt is a memory device with two inputs* and ttto .outputs. The - 
term "flip-filop" implies a- two-state device. A latch flip- 
flop i-s .a twb-stfate device with two "inputs and two outputs. 
The signals^ placed .on the input s*cause 'the flip-flop to 
do one 'of tWp things. * f 

1. * Change the outputs to 'the opposite state. 

2. Make no. change of the output. ' j 
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— Therefore, operation -of-' -the latch-- depends -upon inpu-t.__-- 
signals. Figure 14 illustrates the latch using 2* NAND gates 
to'make the flip-flop. Figure 15 illustrates operation . 
of the latch. - 4 ✓ ■ 



y 
s 



OPAQUE 
PLASTIC 
SEALED 
CASE 



~*~\ ' NORMAL 
• OUTPUT 

J V Q . 




COMPLEMENT 
j OUTPUT 




DIAGRAM 



a. Actual Circuit 



b. Symbol 



Figure 14. Latch Flip -Flop. 



S(SET) 



R {RESET) Q 



a. Settina FIlp-fiQP 



1 1 



0 




* b. Resetting Flip-flop 



' Figure 15.- Operation of -Are Latch Flip-Flop. 

Wh^rk applying input signals, it'is necesary to be cer* 
tain that the S and R inputs tiav.e opposite states. The* . 
application of inputs will then either set or reset the * < 
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-flrpr-fttypT dep end ing u pon rnp nt~5lratgyi -ftrgTrres - iSssruSr- tStr 

• 'show that the lead receiving a .binary O", or LOW, will cause 

the output Q to become what that lead-represents. For ex- 

• ysfmple ,«• if a 0 is-' applied to the S (or set) lead* the output 
/ Q will become set -(or binary. 1), Conversely, when a 0 is 

applied to the R (or reset) lead, the output Q becomes a 
reset (or binary 0) . '• The Q output is pronounced "not Q" 

• -or "Q not," which indicates it is always opposite the Q 

output. The 'Q output, then, is the complement of the Q 
output. Figure 16 shows legal input combinations and out- 
put results summarized in a truth table. - The truth table 
summarizes input condit ions * and output resuljs of a logic 
• circuit . 




Inputs 


Out 


puts . 


Cojnments 


.. s 




Q 


Q 


0 


• 0 


1 • 


•1 


Not Allowed 
% Set . ■' 
Reset 

Idle' States 


b 


1 • 


1 


0 


1 


0 ■ 


0 


1 


1 


- 1 


X 


. X 



Figure 16 



i Eegal Input Combinations 
and Output Results. 



Because- of the design of the NAND gate flip-flop, when 
inputs' S and R are LOW for binary 0) ,/"6oth Q add § will 
become HIGH , a 'state which* is not valid- as a legal output 
for the latch.' Outputs Q' and Q- must always be opposite 
from, or a* complement of, each other. ^ ^ 

y When the S input is a binary 0 and the R input is a 
binary 1, the Q output will becqme 1 a binary 1 and reflects 
a setting of -'the flip.-flop. The Q output will be a> binary 0. 
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When the S input is a binary 1 and the R input is a 
binary 0, the Q output becomes a binary 0 - reflecting a 
resetting of the flip-flop. * The Q output then becomes a 
binary 1 . ' • * < 

* When the S input and 45 the R v input both, are *&. binary 1, 
the Q and Q output states will.be dependent upon .the states 
established during th.e last input condition, ^Therefore, 
when bo.th inputs -are binary 1, the flip-flop preserves last 
previous output conditions. These input conditions (S = 1 , 
R '= 1) are used when >the latch is placed in the idle (or 
unchanged), condition. 

* * 

The Latch Application , 

One of the uses of the latch is to eliminate switch 
debouncing. Switch debouncing is a condition that occurs 
when a switch is transferred from one position* to another. 
Figure 17 1 illustrates what happens electrically when a 
switch is changed' from one position to another. The switch 
is used to change (or switch) from 5 volts to 0 volts, or 
back. (These are the voltages used to provide inputs to 
-the gates that were discussed in the first part of this - 
module.) *f * 

Became of* the spring action in some switches and the 
human finger pressure in others, the switch contacts Will 
^bounce — causing mult iple 'makes and^breaks - when the switch 
is changed from one state to the other. Jhe input to* the 
gate will not know what state it should be in until the 
switch settles down. If the, ga'te stage cannot tolerate 
such erratic change, the switch bounce must be removed. 
A latch circuit is used to assure a solid OFF-0^ orON-OFF 
action in this case. m 
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5V 

O HIGH 



OV 



LOW 



V 



PULL DOWN TO CHANGE 
FROM HIGH TO LOW 



5V REPRESENTS .BINARY 1 (HIGH) 
OV REPRESENTS BINARY 0 (LOW) 



SWITCH DEPRESSED 
7' 



OPEN 



CLOSED • 



^80UNCE>^ 




t- 

SWITCH RELEASED 



OUTPUT 




2\ d INPUT 



HIGH 



-LOW 



Figure 17. Switch Debouncing, 



The D 'Flip-Flop • 

The D flip-flop gets its name from the word, "Data.'V 
A series of ON-OFF (Is and Os) pulses, often called Data, ■ ' 
is- applied to an input r called the D input. « t ^ 

The D flip-flop also has a T-input, which is connected 
to a signal cabled a toggle signal. The toggle input signal 
determines whether the Data oh the D v input will or will 
not reach the output. The toggle signal- can be* any combiita-' 
tiofi of HIGH (.J) or LOW' foTTignal pulses. The signal 
pulses are determined by the purpose of ' the D flip-flop. ■ 
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Figure 18 furthe^ illustrates operation of tK<e D flip-flop. 



£lace a binary 1 

ON T LINE 





D Q 


^ 


> 




— > 


T Q 


— >- 







_TU LTLTLq output 

is A COPY 
1 OF D INPUT 



a. T Line High 



COMPLEMENT 
. OF THE Q . 
OUTPUT 



JT LTLTLTL 



V 



PLACE A BINARY 0 
ON THE rLINE 




L 



Q CANNOT 
SEE THE 
• [TINPUT 



J Q OPPOSITE 
OF Q 



b. T Line Low . * 

Figure 18. J) Flip-Flop Ope-rat icj>n^ 

( N^l*^re 18a. shows that when the T line ii HIGH, what- 
ever is^ on 'the D line will pass to the Q output; the comple- 
ment will be passed to the Q output. ■ , • j 

Figure 18b shows 'that when the T line is LOW, neither 
the Q or Q< outputs will be a copy of the.D iripu't . Whpn - 
the T line is LOW, the flip-flop is held in the pteceAiing 
output condition. r \ \^ 

The operation of the D flip-flop acts like' a one-way, 
ON-0FF switch to the signal on the D.line input. 
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% D Flip-Flop Application . , .*« • 

D flip-flops are usually used to store data for a given 
tijne period. Figure 19 describes the use of four such flip- 
flops to store , conditions of a 4-switch arrangement. The 
switches are in a preset position anc^ may be changed from 
time to time. Each time the switch sjtates must be seen, 
the J line -is/ toggW HIGH (binary 1 or S'V). The switch 
conditions ' tied to the D line will then be transferred to 
the Q output and the complement to the Q output. 

Figure 19 illustrates a circuit called a 4-bit register 
The 4 flip-flop registers store each of the four bits of 
l^itch information when the respective T lines are placed 
at binary 1. If the T lines are placed to binary 0, out- 
puts, retain the las£ set of switch conditions that occurred 
when the<T" lines were HIGH. This is an important point,- 
* because 4 the* D flip-flop - like the latch - is a memory- 
storings memory-retaining device. 
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SINGLE POLE 

DOUBLE THROW SWITCH 



+5V 



AW7 



SWITCH 4 
(BINARY 0) 



SWITCH 3 
(BINARY 0) 



SWITCH 2 
(BINARY 1) 



SWITCH 1 
(BINARY 0) 




6 

TOGGLE SET 
TO +5V 



Figure 19. D Flip-Flop Application. 
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JK Flip-Flop 



The JK flip-flop is the most versatile binary storage 
flip-flop. It not only can perform RS flip-flop and D flip- 
flop formations, but others as we^.1. Essentially, the^JK 
flip-flop has two sets of inputs affd a toggle input. These 
inputs will be discussed. 

The JF 'flip-flop is really two flips, one driven by 
the other. Figure 20 shows the general circuit. 



J 

K 
T 



ENABLING 

GATES 
7 



MASTER 
FLIP-FLOP 



ENABLING 
GATES 



SLAVE 
FUP-FLOP 







S Q 
LATCH 

R Q 
















S 
R 









Q 
Q 



Figure 20, JK Flip-Flop Block Diagram. 

Figure 20- illustrates a master and a slave latch flip- 
flop. A latch is a set-reset type of flip-flop. An enabling 
gate that is controlled by the toggle pulse T precedes each 
flip-flop. The T pulse is determined tff the design of a 
particular circuit where the JK flip-flop is used. 

If the T pulse is set at binary 1, the signal on the 
J and K inputs is read by the master flip-flop. As long 
as the T pulse remains HIGH-, nothing further will occur; 
the master flip-flop retains the conditions on the J and 
K inputs in its memory. 



Page 22/ED-06 



22i 



When the T pulse goes LOW, the memory of the master 
flip-flop is transferred through the second set of enabling 
gates to the slave flip-flop - and then immediately to the 
Q output. As long as the T pulse stays LOW, the slave flip- 
flop (and thus the outputs) will remain as established by- 
the previous JK inputs. Any further changes on the JK in- 
puts (while the T pulse is LOW) will not be read by the 
master flip-flop. -This is because with a LOW T pulse, the 
enabling gates prior to the c master flip-flop are disabled, • 
and act as _aji_^pen switch. 

Close inspection will reveal that the JK inputs' con- 
dition will be 'transferred to the Q output only after two 
changes (a HIGH and a LOW) of the T line have occurred. 

The master and slave flip-flopj are either set or reset 
as a result of valid JK inputs anp T 'pulse action. The 
JK flip-flop can store only a binary 1 or a binary 0. There- 
fore, the JK flip-flop js primarily a memory -device - as 
were the latch and D flip-flops. 

The symbol for the JK flip-flop is shown in Figure 
21. Also shown are two additional leads which are the S 
(set) and C (clear) inputs. These leads are used to pre- 
establish the slave, flip-flop state. This is especially 
important when several 'flip-flops are used to read several 
inputs. This application will be discussed. 

If the JK leads are not used, and only the T pulse 
(alternating) is applied, the JK flip-fl|p can be used as ' 
a divide-by- two clo'ck. A clock is a device or stage that 
puts out a continuous square wave pulse at a given rate. 
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Figure 21. JK Flip- 
Flop Symbol. 



For revie^, Figure 22 illustrates" the appearance of 
a square wave pulse signal. The S and C leads, as well 
as the J and K leads, usually are all tied to 5 volts for a 
divide-by- two clock, with only the T lead. being pulsed. 



a. Rate A 



1. 

b. 2 Rate Of A 



Figure 22. Square Wave Signal. 

Figure 22a illustrates the appearance of the input 
, . on the T lead and Figure 22b shows - what the output Q looks 
like when the JK flip-flop operates as a divide -by- two stage. 



ERIC 



Page 24/ED-06 



223 



\ 



0 



JK Flip-Flop Applications 

' Applications mentioned earlier, such as the latch and 
D flip-flop, can^ also be performed. Latch, D, and JK' flip- 
flop applications will be performed in the laboratory rthich 
follows. 
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EXERCISES 

f 



1. Which items below are digital? Which are analog? 

a. Ammeter . S 

House lights . 

Pressure gage . 




'Water level meter 
Electric clock 



Is an a.c. voltage analog or digital? _J . 

*Is a d.c, voltage analog or digital? . 

4. Four wires (A through D) carry voltage levels repre- 
senting a binary number. Assuming wire A is the left- 
most level - and level D the rightmost level - what 
number in binary "does it represent? Use Is and Os 
to represent the levels shown below. 



B 



A + 5V 
B OV 
C OV 
D + 5V ■ 



A 
B 
C 
D 



5. Using knowledge gained from this and other modules, 
draw the logic diagram, 'using AND or OR gates, for 
, , the following 'switching circuit. 



J 
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NORMALLY 
OPEN 



V S1 S2 S*/ 
• ' » > • W * • f 

NORMALLY 
+ • CLOSED 



, LOAD 



Figure 23., Switching Circuit. 

Which of the following is common for the latch, D, * 
and JK flip-flops? 

a. / All have same kinds of inputs (example JlC inputs) ; 

b. All have same kinds of outputs (example Q § Q) . 
»c. All have enabling gates, 
d*. All have SR flip-flops. 

A 4-D flip-fTop register is storing aJsinary number. 
The flip-flops are" labeled A, B, C, and D from l<eft 
to right. If the Q output is used on each flip-flop, 
and the following Q states exist, wnat binary number 
is represented? (Use Is and Os.) 



A = set B = reset C = set . D = reset 



binary 
number 
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LABORATORY MATERIALS 



Labor atdry 1 ' „ * • , 

*» * 

1 '7400 TTL NAND gate integrated circuit. 
1 5-volt regulated d.c . power supply (500 mA) • 
I digital trainer, with data and logic switches- and LED ^ 
• indicator*. (Suggest the 'Heathkit ETW-3200 Digital 

Trainer;- Heathlcit Corp., Benton Harbor, Michigan. 

Trainer 'includes +5 valt power supply,)' 

Laboratory 2 » A 
1 7400 'NAND.*.gafeefar -in t c gr a t-e4-c4r-cu-i4u 



1 5-volt regulated d.c. power supply (500 -mA) . 

1 digital trainer with data and logic switches and LED 

indicators. (Suggest the Heathkit -ETW-3200 Digital 
Trainer; Heathkit Corp,, Bentcm 'Harbor , Michigan, 
Trainer includes +5 volt power supply.) 

LABORATORY PROCEDURES 

LABORATORY 1. OPERATION OF LATCH FLIP-FLOP. 

.1. Construct the circuit shown in Figure 24. 

2. With the" logic switches- in the A and B positions, apply 
' power to the circuit. 

3. - It is important to note the output states as power 

^Ls applied. Record answers in the spaces that follow:, 
With power Vp>*~ • . , 

LED indicator 1, = a (Q output) . • 

LED indicator 2 = *(Q output) . 
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(These states are the previous states.* Once the 
input logic switches are cha nffi^ t, these states will 
Change.) 



LOGIC 
SWITCHES 1 




PIN 14 PIN a 

nnnn p « 



PIN 1 




GND 



i ' * 

^J-w^'-l-VJ I LED INDICATOR 1 



i : i 



i 1 

»J._^ t -VS. n I LED INDICATOR 2 



i__r__Lr • 

+5V 



i 



PIN 7 



Figure 24. ' (NAND Gate) SR- Flip-Flop. 

Using the latch truth table shown in Data Table 1, 
apply the combinations shtiwn.for different ^input con- 
ditions and record the LED indicator results in the* 
output column of the table. Remember that: 
LED ON = binary , 1 . 
. LfeD OFF = ' binary 0 . 
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LABORATORY 2. OPERATION OF D FLIP-FLOP. 



Y. 



,3 

, 4 



Wire the circuit shown in Figure 25. . , „ 

Apply +5V to the circuit from d.c. power .supply. 
(This +5V is applied to piri 14,) 

Place input data- switch 1 and 2 to the LOW or binary 0 

4 

state CO volts) . 

Apply the inputs shown in the truth table 'in Data Table 
~~2t — Record the -Q-antl-^^regu-l^ -^~fehe--o«tpu4^co-l-uiniu_ -i_ 
Remember * that": 

LED ON = binary 1. - 
-..'LED. OFF - binary 0. ( 
The JK flip-flop will be ^iscussed in further detail 
in Module ED-08i ' - . 



0 5V 

TP1N 14 



DATA SWITCH 
NO. 1 • <- 



LEAD 
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- _ XL _ ■ 

N 1 f T ~ - pin 4 * -1 




+ 5V 



i n 

. |. i ■ - LED 

V f [tt ) ZJ \ INDICATOR 1 



( 1 

^*-ff irH t INDICATOR 2 
i v ^ i i 



DATA SWITCH NO. 2 



PIN 14 PIN 8 

\ nnnn n/ 



+ 5V 




70 uu u fftf s - 
PIN 7 

Figure 25. NAND Gate Flip-Flop. 
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DATA TABLES 



LABORATORY 1. OPERATION OF LATCH FLIP-FLOP, 



TRUTH TABLE 






4 


« 






> 

Input Conditions 


Output 


Conditions 


State (Set 
or. Reset) 


A" = 0 ♦ 


A 


B ^ 




LED 2 




• B = 0 


0 










A = 1 


0 * 


1 








B' = 1 


L 

I 1 


0 

' 1 • 





















LABORATORY 2./ OPERATION OF D FLIP-FLOP. 



TRUTH TABLE: 





, -Input Switches 


Output LEDs 




D 


T 
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• - Step 4- 
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TEST 



The .waveform in the accompanying illustration is-.; 
. a. m AnaLog. 
* b. Digital, 

















X 

> 







Waveform for Question l\ "~ 

'The logic -function bging performed in the illustration 
shown is . . . 5 

a. ■ AND . 

b. , AND. 

c. OR. 

d. OR. 

The two basic, or general, 'kinds of logic stages are.... 




If the circuit shown in the illustration wi£h question 
one had an inverter g^ate attached to its output, what 
function would the entire ^tage perform? 

a. AND. :>. 5 - 

b. AND. ~ . 
y 

c. OR. " , ■ 

'd. -or.. • • s * 
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A burglar alarm "is designed to alert a security officer if 
doors or windows are opened. What basic logic func- 
tion is 'performed? 

a. AND. 

b. ATlD. 

c. OR. 

d. OR. 

In „the .truth table shown, what basic logic function 
i(S being performed? 



a . 
b, 
c , 
d. 



Inverter . 
NAND . 
NOR . 
OR, 



A 


B 


c 


Output 


0 


0 ' 


*0 


1 


0 


0 


1 


1 


0 




0' 


1 


0 


1 


1 


1 


_ r 


0 


0 


1 


1 


0 


1 


> 1 


1 


1 


1 


0 



The Q output of a flip-flop is HIGH. What binary state 
or condition is the flip-flop said to be in? 

a. Binary <0 . r + 

b. Binary 1," 

If a serie£ of flip-,flops are used to generate an out- 
put frequency of 250 KHz from an input of 2 MHz, how. 
many are required (use a. JK flip-flop with the J-K 
■and S-£ leads tied to binary 1)? 



a . 
b\ 
c . 

i*. 
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A flip-flop is the basic logic stage in which* of the 
following types of logic operations? 

a. Sequential, 

b. Analog, 

c. a.c. 

d. Combinational. 

Draw the^output waveform for a D- tyjtejflip-f lop with 
the D and T- inputs as shown in the accompanying illu- 
stration. * ' 
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Draw output, here: 
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ENERGY TECHNOLOGY 

* « 

CONSERVATION AND USE 



ELECTRONIC DEVICES AND SYSTEMS 




MODULE ED-07 

•ANALOG AND 
DIGITAL- SYSTEMS' 



TECHNICAL EDUCATION RESEARCH CENTER - SOUTHWEST 
. i f, 4800 LAKEWOOD DRIVE, SUITE 5 



WACO, TEXAS 76710 



-INTRODUCTION 



This module presents a practical study of some- of the 
more basic analog and* digital systems on the market todaV. 
( The student -should be aware, however, that countless other 
types of analog and digital systems 'exist? In a course "of 
this size it would be impossible 'to address 'each o'ne ; however, 
if interest is generated, the student may want to,research 
this information. Such data can be found, in libraries or 
computer hardware material. 

It is particularly important for the' student to pursue 
> ' further study in areas such as digital- to-analbg and analog- 
to-digital convertof s*. It is also recommended that the stu- 
dent keep abreast of new developments in the electronics 
field. Many new tecfrnoldgies simplify operation and extend 
features of analog and digital systems. Since the exercise 
section o£ this module requires that the student know some of 
. this, information, research may be begun immediately. 



PREREQUISITES 



The student should have Completed one year of algebra, 
should be familiar with the concepts of direct current and 
alternating current electronics, and should have completed' 
all the previous modules of this course. 
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O B J E CTIVES 



Upon completion of this module, the student should be 
able to: 

1, Explain the functional operation of a regulated power 
supply. , j / . 

2, Identify the different stages within an^audio amplifica- 
tion system, 1 / . . 

3, Explain how a signal* flows through ar/ audio system, 

4, State the caSes in which SCRs are used- and draw the «Sys- 
• tern to ope&te a series d.c. motor. 

5, State the cases i-n which triacs are used and draw the 
system to operate a, shunt a.c. irjotor (control the field) 

6, Explain the uses qf thermocouples and diode temperature 
probes. 

7, Explain the operation of an operational amplifier tem- 
perature sensing, circuit. 

8, , Explain the operation o*f a humidity controller and light 

sensing system, • * 



9. State the uses of binary counters 
10, State the uses of shift registers 
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-SUBJECT-MATTER 



ANALOG SYSTEMS 

The term "analog" refers to a method of communicating 
information through continuous, varying signals. This con- 
cept, which is also called "linear, 11 may be represented by a 
sine wave such as that produced on an oscilloscope. ^ 

Several types of basic analog 3ys,tems are described in 
the following paragraphs. 



POWER SUPPLIES 



All electronic systems 7 require a power supply from whiqh 
a direct current (d.c.) voltage is generated by converting 
alternating current (a.c.) to d.c. The more, modern suppli'es 
have components that regulate d.c. voltage. These components, 
called voltage regulators, are tlje final stage of the power 
supply". T ' — — — __ s 

The first electronic d.c. voltage regulators that were 
manufactured included sta'ges similar to those shown in Figure 
v l. In 'the figure, each block ^represents a stage constructed 
around a transistor. Therefore, earlier systems consisted of 
discrete component s*. 

Recent .developments , however, have led, to the use of 
integrated- circuit packages for stages. The result of this 
new design is a much smaller regulator. Figure 2 .shows an ^ 
example, of an ICpackage regulator and how it is. connected 
to the power -supply-.. The 5-V regulator shown. has only, three 
leads coming out of the sealed package. The chip is located 
inside the sealeT^acakge and, therefore, cannot be repaired; 
Lt muSt be repla^i if failure occurs. . ; t 
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Figure 1. Electronic Voltage Regulator. 



Figure 2 shows a fused 110 volts fed to a transformer 
(stepdown) . The output from the full-bridged rectifier is 
first smoothed by the use jof capacitor Ci'. Then, the 5-V 
regulator removes any remaining ripple and outputs a smooth, 
non-changing 5-V d.c. voltage. 



110 V 



SW< 




3/16 PL tj 
SLOW-BLOW . \ 

/ 

PILOT LAMP 
(NEON) 4R 1 
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+5V 



5 - VOLT 
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o 

i 



E QUT =+5V 



Figure 2. D.C. Power Supply with IC Package Regulator. 
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AUDIO SYSTEMS 

Audio system amplifier frequencies range between about 
2O-"20 ,00O Hz. .These frequencies are the lowest of all a.c* 
frequencies encountered in electronics . 

There are* several types *df systems - usually so named 
% by the type of' "between the stage 11 coupling used. As was 
'learned earlier", the couplings could be of the direct current, 
capacitor, or transformer types. Two such examples follow: 

. ) • 



D ir_e ct Current Couplin g 



Figure 3 illustrates an audio direct current coupled 
amplifier. (The exception is the input to the first stage 
and the output to- the last stage,) As stated previously, a 
d.c. amplifier can pass either d.c. or a.c. signals, but the 
example shown below illustrates an amplifier passing a.c. 
signals . - — . — . - : 



fliPufl^lST AP AMP (04) 2ND AF AMP v 05) OUTPUT 



— ov| 

©£ 



4 OK RID, 







3.5V ( y 






fir 




^ -rr" 
/4700O 


T 

8V 





ALL STAGES Q PC ft ATE 
CLASS A* 




Figure 3. D.C. Coupled Amplifier. \ 
* 
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The coupling used between Q3 and Q** is .simply a wife. 
All of the signal coming out of the collector of Q 3 will 
'enter the base of withput"any loss or decrease. There is 
a resistor located between and Q 5 . .A review of previous 
information yields that a resistor passes d.c. or a.c. and al- 
ternates each equally. The resistor Ri 2 will reduce the' value 
of the signal, but it will not distort the signal shape. 

The chief advantage of d.c. coupling is that the signal 
is not distored since a resistor alone cannot cause distor- 
tion. Direct current coupling is used .in low-power applica- 
tions where distortion has to be kept to a minimum. 



Capacitor and Transformer Coupling 



\ 



The audio system shown in Figure 4 incorporates both 
capacitor and transformer coupling; Close 'inspection reveals 
that Q7 and Q 8 are Class A amplifiers, with Q 9 operating to 
its maximdm limits (Class A) to. drive the* transformer primasy 
of Ti. The secondary of Ti has two- windings , each of which 4 
provides a signal to Qi 0 and Qn. These latter transistors 
operate Class B in such V way that Qi 0 amplifies only one- 
half of the signal, whereas Qif amplifies the other., Xhe out- 
puts of Q10 and Qi 1 are recombined in the primary winding of 
T 2 and through transformer action first to the secondary and _ 
finally to the speaker. 

The capacitor and ti^ansformer coupled ampl if ier^sys tern 
us'es PN'P transistors. . PNP transisto'rs are common; however, 
&PN transistors, or a combination of PNP and NPN transistors, 
are more frequently used in this type of system. 
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^ OUTPUT 



23B77 



Figure 4, Capacitor and Transformer 
Coupled Amplifier. 



^Most modern systems of -audio amplifiers are making the' 
O trinsiliion to the IC package area.. Complete low-power ampli- 
fiers are often within the reach <of a single "chip." High 
power amplifiers p.ften are designed to use several chips. In 
very high power affplifi^ 

transistors because of the* higher >heat created. 



SILICON' CONTROLLED RECTIFIERS - 

A variety^ of Circuits.'/ can 
trol led crept if iers (£CRs COI 



»C. CONTROL SYSTEMS 



ibe derived with silicqn con : 
f^'d.c. motor circuits. 
Figure 5 shows a single, phase h^J^-wave 'speed control system 
foil a d.c* series motor. Adjustment of potentiometer R 3 will' 
determine the triggering of the SCR. Increasing the gate 
voltage will cause the SCR to fire so*oner * during each a.c. 
cycle of the power source - which means that the SCR will be 
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* "ON" for a longer period of time. Thus/ the motor will run 
faster. Once the potentiometer is left at a predetermined ad- 
justment, the speed of the motor will settle at o.ne speed, 
slower speeds are objxained by reducing tfie gate voltage. 
Thji^ reduction is accomplished by ^ adjusting R^ in the oppo- 
site direction from the one that was used to measure the 
speed. 

1 Figure 6 . shows a SCR control circuit that is used to 
control a d.c. shunt motor. Close inspection will show *hat 
aTTulI-wave bridge rectifier provides a constant d.c,, voltage 
to the field winding. 



SOURCE 



e 




GATE 
TRIGGER 
CJRCUtT 




SCR 



Figure 6; SCR D.C. 
Shunt Motor Control 



FIELD 



9 



ARM. 
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The speed of this nrotor is changed by controlling the 
"ON" time of the SCR; thus providing a given current and % 
voltage to the armature.* Because the iSCR is a one-way device 
for current flow, adjusting the gate circuit will determine 
^sjiow long the SCR is ON. More current and voltage will be 
% provided for the armature when the SCR is gated ON longer; 
and less current and voltage will be provided for the arma- 
ture when the SCR i^s gated ON fo* *a shortej: period of time. 



TRIACS-A.C. CONTROL SYSTEMS 



Triacs are us*ed to control the power fed to a.c. devices. 
Figure 7 shows a straightforward circuit functioning from 
an a.c. source that controls the power being fed to $ lamp. 
Motors and other devices, of course, also Qan be controlled 
by a similar circuit. This particular circuit might be found 
in residential lighting systems. 



AC 
SUPPLY 
110VAC 



\ 




IN 



OUT 



" TO LAMP 
O O 



TRIGGER ( JkSL ) 

CIRCUIT J TR,A ° 



•Figure, 7. Straightforward Circuit From an A.C. Source. 
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Figure 7 shpws an adjustable input to the trigger cir- 
cuit so thfe "lamp can be adjusted for various degree of bright- 
ness as desired. ■ The voltage across the capacitor Ci^is ap- 
plied to the input of the trigger circuit, which, in turn, 
supplies the proper triggering voltage to the triac. Depend- 
ing upon the voltage applied, jthe lamp will be made to light 
at a given brilliance. Chahgilng the adjus'tment of R2 will, 
in turn, change the brightness of the lamp. 



TEMPERATURE MONITORING SYSTEMS 



The thermocouple is a popular device for measuring tem- 

perature. -^bi^ "device is constructed of two dissimilar wires 

twisted- at one end. Figure 8j shows a simple system in which 
7 , temperature can be measured. | 

TEMPERATURE COMPENSATION cM 



(<XDO< 



THERMOCOUPLE 
PROBE 




VOLTMETER 
CALIBRATED 
IN 

TEMPERATURE 



Figure 8. Thermocouple Temperature System. 
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Tmi is the temperature, thermocouple. As the temperature 
near the probe increases*, the voltage across points .V'and B 
increases. This voltage is^ifed to the temperature ) / ■ 
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% be** 

compensation' circuit . Resisto^T^ in this compensation ^c^r- 
cuit is used to- compensate for non-linear , character istics in 
the probe. R 2 , along with. Ri , R 3 / Rn , B x , and B' 2 , provides 
proper voltages to the voltmeter, which* is calibrated to mea- 
sure the temperature from the probe. 

There are four basic ranges in which thermocouples can 

4 

be purchased. Figure! 8 illustrates the voltage output for a 
given temperature range. It should be noted that these probes 
are fot • temperatures that range as high as 1400°F to almost 
300O°F. - * 

When temperatures that range below about 200 a F must be, 
measured, solid state diode probes can be used" 

Silicon .diodes - when heated - vary the actual resistance 
within their junctions. These diodes , .therefore can" be used 
to sense temperature changes. Figure 9" shows a simple circuit 
using a silicon di'ode probe and temperature calibrated meter. ( 



- U 1 

2N2484 



R 1 1k Q RES. 




T TEMPERATURE V A 
. CIRCUIT ^ 



f*\ TEMPERATURE 
( M J METER 



Figure 9. Silicon Diode Probe and Temperature 
Calibrated Meter. 



As ^-temperature changes, the voltage drop across D x in 
the probe also changes. This voltage drop change. is sensed 

i 
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by the temperature circuit and, in turn, provides a d.c. 
^vol.tage to the monitor temperature meter. 
* v A system similar to the one above — but one in which 
data o&n actually be stored and displayed — is shown in 
Figure* 10a. • 



-.SENSOR 









AMPLIFIER 



ANALOG / 
OKfrT-AL-OONVSRTER 



MICRO - 
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a. Block Diagram - Temperature Circuitry 
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! D/A CONVERTER 
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♦3V O— — r 



TAPE - 
RECORDER 



♦6V 



MICROCOMPUTER 



" b." Actual , Circuitry 
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Figure 10. Temperature Monitor and Record Chart. 
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Figure 10b shows the circuitry that is used to # interface 
the temperature probe with, this tape recorder and graph. 
With this system, the changing temperature per time is plot- 
ted on the graph. The tape recorder is used to record data 
for future use. > 

The microcomputer 1 role ' is to control the system through 
an internal program. First, the data from the probe is read 
a number of "times per hour. After the data is read, the mi- 
crocomputer sends the results "tb~ the^graph," wl^ich is conti^i- 
uously r unning and recording. The operator periodically re- 
ceives the graph results from the tape recorder. t The cassette 
tapes can* be retailed ' and used for future studies and re-, 
search. * This particular; system is presently aVailable usin^g 
the KIM-1 microcomputer bpard and associated circuitry. 

' ' ' ■ V •" ■ ' 

HUMIDITY CONTROLLER 

% 

Energy management applications' include environmental 
monitoring and control. Figure 11 displays one method of 
controlling the relative humidity inside a building. 

Figure 11a shows the physical requirements. The. air" 
within a building, is sampled via a sampling vent which chan- 
nels air into" a wet -dry bulb : unit. Depending upon the air 
"condition" sensed by this unit, a water-inlet solenoid valve 
is opened, allowing w^ter \o be fed to the drip emitters which 
eject atomized water into the air duct system. Because the 
air is constantly^monitored, the relative humidity can be rea- 
sonably controlled. x ^ 

The wet and dry bulbs inside the sensing unit are wired 
to the circuit. shown in Figure lib. If is this circuit that- 
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Figure 11. Humidity Controller 
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controls the ON-OFF operation of the water inlet solenoid 
valve shown at the top of Figure 11a. 

The R wet and R ( j ry (wet-dry bulbs) are part of a bridge 
circuit. Operational amplifier ). receives its signal vol tages 
from the bri.dge circuit. As the relative humidity decreases, 
the bridge becomes more unbalanced, causing the output from / 
the bridge (V^ r ^ ( jg e ) to increase. Op amp 1 amplifies V^ r ij/g e< 
This op amp is a non- inverting amplifier which increases the 
signal about 50-80 times, depending on the choice of the re- 
sistors attached to the minus (-) input. . 

Op amp 2 is a voltage comparator. It compares the volt- 
age on its plus -( + ) input to the voltage on its (-) input. 
When the op amp 2 (+) input becomes greater than tjie voltage 
on'the- (-) input, its output causes transistor QiJ to conduct. 
The output also activates the coil of relay R, which, in turn, 
activates the solenoid valve. 

This system is designed to keep the humidity, from n£|)l1 ing 
below a specified percentage that was chosen previously by 
the bridge circuit design. Units of this type can be pur- 
chased for residential or commercial applications. 



LIGHT-SENSING SYSTEM 



. A system that can be used to trac k k the sun so -a 1 solar 
collector can be rotated on a motor-driven base is^ shown in 
Figure 12a . 

In Figure 12b, the sun rays, when, they strike the surface 
of the photovoltaic cell, produce a voltage output* from the' 
cell. This voltage is used to drive the input, of a* high gain 
transistor. The transistor output .current activates relay R 
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MOTOR DRIVEN PLATFORM 



a. Solar Collector Rotates 

♦12V 

Q 




» b. Tracking System Circuit 



Figure 12. Solar - Sun-Tracking System. 

and its associated contacts, which, in turn, send a signal 
to the motor control circuit to turn off the motor. The 
motor will, therefore, hunt for the sun until tTie sun strikes 
the surface of the cell. 

On cloudy days or at night, the system would continue to 
hunt if additional circuitry to prevent this was not added. 
A simple circuit not shown he^e must be incorporated to per- 
form this latter task. 

i 
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DIGITAL SYSTEMS 

Digital systems communicate the same information as ana 
log systems but divide it up into a series of measurements, 
communicated by means of a binary code. When the number of 
measurements per any given length,, of time -is greater, the 
accuracy of the digital representation becomes greater. 

The following paragraphs present two examples of basic 
digital systems. 



BINARY COUNTERS ■ 

Figure 13 shows a digital or binary- counter model 74193. 
This unit only counts binary numbers, and is capable of count- 
ing them as high as 1111,2 CIS i o) . Looking closely ", note four 
— data inputs and four data outputs. It also has the ability 
to count up^ or down or clear itself and reset, to 0000. 

Incorporated . in. this one-piece IC are four J-K flip- 
flops and several gates that are combined to perform one main 

function. ^ 

The inputs can be* connected to. switches or electronic 
digital circuits"*, and the output can drive four LEDs or .other 
digital circuitry* — .Figure ^Ma_^o_ws__one example of the hook- 
up. 

Note particularly that there' is a carry and borrow fea- 
ture. In any up-down counting sequence (as in mathematical 
addition and subtraction problems) a carry or borrow may • 
occur. Figure 14b shows the actual pin connection for the . 
74193 binary counter. 
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Figure 15. A 74195 Binarv Counter Svstem, 
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a. 4-Bit Counter Application 
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b. Pin Connections - 74193 Counter 

' Figure 14 V *A 4-Bit Binary Counter 



SHIFT REGISTER 



In many respects, 'shift registers are electrically simi- 
lar to binary counters- However, the individual elements are 
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wired so that the information stored in one bit loca-tion can 
be shifted to another bit location. Figure 15 shows this 
concept. 



\J l l^lllal JLUi a^c 
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b. Right 
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Figure 15. Shift Register Principle (4-Bit). 

When a shift left /Cs performed, all bits shift one posi 
tion to the left. Of/course, a right shift' causes all bits 
to shift one positio^^a the right. -Figure 16 shows the d,ia 
gram of a 4-b|t IC shift register. - • 

, Figure %6 shows tjiat to form this systems, fpur flip- 
flops are us4d, as-well as several logic gat^s. The r.esults 
of the^s^iifts are displayed externally on the added LEDs , 
L1-L4. The inputs come from serial inputs from other asso- 
ciated external circuitry. 
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EXERCISES 



Locate a diagram o£ a ^rnall solid-state audio system 
and determine the following: 
' a. What types of transistors are used. 
b. What. types of IC stages are used. 

2. Locate a diagram of a microcomputer board (Heathkit 
ET-3400; KIM-1 6592; Motorola D 2 Kit; and so forth), 
anx} through research, determine what new r IC chips are 
used and what functioas they perform. 

3. Research and list the functions of the following IC 

m 

devices: . \ 

a. DigitsLl decoders (use a 7442 TTL IC BCD to 
decimal decoder) . 

b. Digital multiplexers (use a 74151 multiplexer). 



IgABORATORY MATERIALS 



+ 5 volt power ^supply 6 100 mA 
Breadboard system for circuit construction 
D.C. voltmeter 
Components a 

1- 74193 synchronous binary counter 

2- 7476 dual J-K flip-flops 

NOTE: The Heathkit ET-3400 digital trainer is one such 

breadboard system that functions well for the -follow- 
ing experiment. It also has the power supply on-board 



1 
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LABORATORY PROCEDURES 



The objective of this laboratory is to examine theJLj^ 
characteristics and operation of a binary counter . ^ll&ar 
counter is categorized as a sequential logic circuit." Its 
specific uses are timing , sequencing , and storage. As are 
other sequential circuits, this one has memory capable qf^ 
stor ing binary numbers . After this laboratory is completed 
note, particularly, the flip-flops us^ed and the timing cir j 
cuitry. y - * 

1. Construct the circuit Shown in Figure 17. (Use the 
7476 J-K* flip-flop chip.) It is actually a binary 
counter. Do not apply power yet. f 



LED INDICATORS 



FROM LOGIC i 
SWITCH S 




f5?Ji« 0 ^ FROM LOGIC 
SWITCH SW1 SWITCH 5 



Figure 17. Binary Counter, Using J-K Flip-Flops. 

I 

NOTE: Figure IS sho^s.'the pin-out for the 7476 IC. 
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* 

Figure 18. 7476 J-K Flip-Flop Pin Diagram. 

f 

„TJhL^„ following .data is necessary .before -starting : 

a. LEDs are as follows: > 
LED A (least significant bit) 

B 
C 

D (most significant bit) 

b. ' 1. Logic switch A will be used to step the 

counter (timer lead) . 

2. Logic switch B will be used to reset the 
^counter .* 

3. Data switch sw-1 is used to input .the 
counting numbers . 

b. This 4-bit counter' can count from 0000 to 
1111. Upon reaching- one more count past 
1111, the counter will trip back* to 0000. * 
NOTE: Wait until the instructor has checked -all wiring 

before applying power. 
The counter exp^rj^nent will begin with the data switch 
set, to binary 1.' Now apply power. (Leave 'sw-1 high.) 



( 
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ur LEDs . 



•/ 



~ Reset the counter by -operating logic switch B, (When 
& operated, a binary 1 will be applied to the^reset lead 
tfhich resets all flip-flops.) When tlie B switch is .rfe 
leased, ^the counter should resets 

Record the states" of "the four LEDs. - 
D b LSB * / 

C ^ , 

^ B 



A • MSB 

7. Step the counter by operating the logic switch^ A. One 
full operation of- this switch should feause the counter , 
to add 1 to the binary counter number .V^Record this data 

'In -th^Data Table (column 7a)' Cont'inueS^epping counter 
until the number' 15 (1111 2 ) has been reached*. Record ■€» 
the data in the Data*Table (.columns 7b through 7dJ . 

8. Step the counter one more time (logic switeh A) . 

^ Record LED output in the Data Table. . - 

' , Discussion; The counter Data Table should 

reflect a count in , binary .from^ 0000 to HIT,/- • 
with all intermediate numbers present. 
9: Reset timer (logic switclfB) : * ^ 
10, Attach a 1-Hz clock pulse to tlTe logic switch A lead.- 
The counter 'should count automatically. Does it? 
Before doing so, remove the wire. from logic switch A. 
Shut off the trainer. ' 

•\ 

\1, Require the circuit to reflect Figure 19. 
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V 14. 
15. 



FROM LOGIC i 
SWITCH * 




SWITCH SW1 SWITCH B 

Figure 15. Binary down counter. 
NOTE: In this section of the lab, the counter will be 
set to count down. 



r 



With sw-1 up' (binary 1~) app4~^~P ewe -*V 
by momentarily depressing logic switch B. % 
Record the data here - and plac'e it in the Data Table as 
shown. - 

D . 

C " 

b\ • « • . 

A , % 

Step the counting, using logic switch A and' record the 
results in the Data Table after each step. Record the 
decimal number 'o# the' right. 

Does the counter step down? ; * 

Connect a 1-Hz clock pulse to the place, where the logic . 
switch A is connected'. Before doing so, remove the logic 
switch A wire. What; happens to the counting? 



**** 
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DATA .TABLE 



DATA 'TABLE 




0 
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Data Table. Continued 





D 


C 


B 


A . 


Decimal No , 


Step 10 
Step 11 
































* 




V 


1 


* s 




• 




<* 


\ 


t 


* & 

r 






V 

* 


■o 

f t 

















/ 
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TEST 



1. Name the five parts of an electronic voltage regulator 
(discrete or integrated sytem) . 

a. « 

a 

' K 

c. : 

d. : 

e. ' 

2. A d.c. amplifier cannot pass a.c. (Tru6 or False) . 

3- The trigger voltage on an SCR must be to* 

. casue it to trigger. 

a. d.c. 

b . a.c. 

'c. Neither of the above, 
d. Either of the above. 

4. Triacs are used to control ... 

a. d.-c. motors. 

b . a.c. motoj^ . 

c. Neither. 

d. « Regulators. 

5. Thermocouples can measure temperatures accurately 
from ... ' * . C 

a. 0-50°P. 

b. 0-220°F. 

c. 50-100°F. 

d. - above 200°F. 
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Would the 5 ' circuit shown below allow the solar tracking 
system to stop hunting if the sun was behind clouds or 
if it was dark outside? 

a. Yes. 

b. v Nd. 

c. The T 2 contacts should be N/C. 

d. The motor would burn up. 




rv 



♦12V 

— o 



• CONTACTS Of T 1 




O 

TO MOTOR 
CONTROL 



AMBIENT UGHT 
LEVEL ADJUST 



UGHT CELL 
(IF SUN SHINES 
CELL OUTPUTS 
VOLTAGE) 
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7. 



8. 



Binary counts can count only in binary directly. How 
far could an 8-bit counter count? (Start at 0 as the 
first count.) y H 

a. 7 . . 

v ■ 

i 



b. 
c . 
d. 
e . 
f . 



15 
51 
63 
127 
255 



Shift registers are used to multiply and divide in 
binary. Looking at the 8-bit register shown below 
what would the binary number be if the register was 
shifted right three places? 



1 


1 


1 


1 


0 


* 0 


0 


1 
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